AMD-K6™ 


MMX™ Enhanced Processor 


Data Sheet 





AMD-K6 
MIMX” Enhanced Processor 


Data Sheet 


AMD«¢\ 


Preliminary Information 


© 1997 Advanced Micro Devices, Inc. All rights reserved. 


Advanced Micro Devices, Inc. ("AMD") reserves the right to make changes in its 
products without notice in order to improve design or performance characteristics. 


The information in this publication is believed to be accurate at the time of 
publication, but AMD makes no representations or warranties with respect to the 
accuracy or completeness of the contents of this publication or the information 
contained herein, and reserves the right to make changes at any time, without 
notice. AMD disclaims responsibility for any consequences resulting from the use 
of the information included in this publication. 


This publication neither states nor implies any representations or warranties of 
any kind, including but not limited to, any implied warranty of merchantability or 
fitness for a particular purpose. AMD products are not authorized for use as critical 
components in life support devices or systems without AMD’s written approval. 
AMD assumes no liability whatsoever for claims associated with the sale or use 
(including the use of engineering samples) of AMD products except as provided in 
AMD’s Terms and Conditions of Sale for such product. 


Trademarks 


AMD, the AMD logo, and combinations thereof are trademarks of Advanced Micro Devices, Inc. 


RISC86 is aregistered trademark; K86, AMD-K5, AMD-K6, and the AMD-K6 logo are trademarks of Advanced Micro 
Devices, Inc. 


Microsoft and Windows are registered trademarks, and Windows NT is a trademark of Microsoft Corporation. 
Netware is a registered trademark of Novell, Inc. 
MMxX is a trademark and Pentium is a registered trademark of the Intel Corporation. 


The TAP State Diagram is reprinted from IEEE Std 1149.1-1990 “IEEE Standard Test Access Port and 
Boundary-Scan Architecture,” Copyright © 1990 by the Institute of Electrical and Electronics Engineers, Inc. The 
IEEE disclaims any responsibility or liability resulting from the placement and use in the described manner. 
Information is reprinted with the permission of the IEEE. 


Other product names used in this publication are for identification purposes only and may be trademarks of their 
respective companies. 


Preliminary Information AMD¢1 


20695E/0—June 1997 AMD-K6™ MMX™ Enhanced Processor Data Sheet 
Contents 

1 AMD-K6™ MMX™ Enhanced Processor ...........-++6- 1-1 

2 Internal Architecture .........cccccccecceeenececeeees 2-1 

ZA. Introduction: .a444. dees ca dh eee sadn Ga fe len any ce i 2-1 

2.2 AMD-K6 Processor Microarchitecture Overview ........ 2-1 

Enhanced RISC86 Microarchitecture................4. 2-2 

23 Cache, Instruction Prefetch, and Predecode Bits ........ 2-5 

CAChG 4 diam datacenter cee eR Rae ess Ree acw a ae Cees 2-5 

Prerecching, oo .605 oo eo 29 lacian, ad ee OLE a ae aN 2-6 

Predecodeé Bitsii.:) v..0c 1.4 e09a 8s HA a He eR ee ee RO 2-6 

2.4 Instruction Fetch and Decode ...................0006- 2-7 

imistruction-Petehs.-4.05.4. <a cuakiaswe ska xtsh bee eee eas 2-7 

Instruction Decode. wivcda5-et hemes asa eee hades a ts 2-8 

2.5 Centralized Scheduler ............. 2 eee e eee ee eens 2-10 

2.6 Execution Units: s4 905.4 dstencdate whee 2064 Sexy eta ee 2-11 

2h Branch-Prediction Logic .............02 cee eceeceas 2-13 

Branch. History Table-=..: 3220 vauecws bese ha eG Goseoe sc 2-13 

Branch Target Cache. ........... cc cece eee s ene eetees 2-13 

Return Address Stack... . 0.0... . cece eee eee eens 2-14 

Branch Execution Unit «2.6.60. e0a8aew eed teteesew ss 2-14 

3 Software Environment ............0ccsceseccccceccees 3-1 

3.1 RE SISCelS 5 oe ond eR a eso Ee ie ess aE ee ER RS 3-1 

General-Purpose Registers........... cece cece eet eeee 3-1 

Integer Data TYp6S 3.4 esis cot eee wth eas She RES ES 3-3 

Segment Registers. ......... 2. ccc cece cece reece eee 3-4 

Segment: Usaee: osinc Suncw tiie ers de Gere ee ieee eee Sous 3-4 

Instruction POMiter 44 swe os Sst AGS 24a SEE ESAS 3-5 

Floating-Point Registers....... 0.0... cece e ee ee eee eee 3-5 

Floating-Point Register Data Types ................05- 3-8 

MMX Registers: :..3ci sce adated eid awed WOE 2 Ba aoe a ee 3-9 

EFPLAGS Re@IstéF wi c.c54.p25 5 te Oedeance akin eee Be aSs 3-10 

Conttol: Resistere: si s.5 seu oes eaa yas heats oe 3-11 

Debtig Registers: wc ei ecko evan cles das tw eres eee 3-13 

Model-Specific Registers (MSR) .............. 2 eee eee 3-16 

Memory Management Registers ...........002000+ ee. 3-19 

Lask State Sesments iiss 4s asiheen og oh.c. eee Sayers Ores 3-21 

Pasint ica x parsed oo 0 6 6 FGS 4S Maw sa De aah wee se bees 3-22 

Descriptors and Gates 0... sce e ida ees Oa a wee wee eed 3-25 

Exceptions and Interrupts ............ 00. ee ee eee eee 3-28 

3.2 Instructions Supported by the AMD-K6 Processor ...... 3-29 

4 Logic Symbol Diagram ............. ccc cece eee recnees 4-1 


AMDzl Preliminary Information 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


iv 


Signal DeSeriplOns 6 fish ee es oti Sk aSG WEES ERS eS 5-1 
5.1 A20M# (Address Bit 20 Mask) ........... 00. c eee ee eeee 5-1 
5.2 Al3t:3) (Address. Bus) % 3 2s0s vee eee aoe iano S5544 5-2 
5.3 ADS# (Address Strobe) ...........-- cee eee ee ete eeee 5-3 
5.4 ADSC# (Address Strobe Copy) ............00.00 eee eee 5-3 
5.5 AHOLD (Address Hold) .......... 0... cece cece e eens 5-4 
5.6 AP (Address Parity) sa. sci se sias sad wow ew ee dade eerivas 5-5 
5.7 APCHK# (Address Parity Check) ...................4.. 5-6 
5.8 BE[7:0]# (Byte Enables) ............ 0... eee eee eee eeee 5-7 
5.9 BF[2:0] (Bus Frequency) .......... 0c cece eee eee tenes 5-8 
5.10 °BOPP# (Back) 425465 4 iS oe 52 ot Se eee 5-9 
511 -BRDY# (Burst: R€ady) s.0<2. ev ses 4se wad sweeeneeas 5-10 
5.12 BRDYC# (Burst Ready Copy) .............. cece ee eee 5-11 
5.13 BREQ (Bus Request) ......... 0.0 cee cece ee eee eee ... 5-12 
5.14 CACHE# (Cacheable Access) ................2200055 5-12 
5.15. CLK (Clock): Ves oe ee oncuay ee oe oh ce eee eee wes 5-13 
5G. -D/C# (Data Code)’ 3. as ghyetaweae lott accuee sian ta 5-13 
Bal? ~D[63:0):(Data. Bus) 5 pease wen ead Orewa Os iy aie ee bees 5-14 
5.18 -DP([7:0] Data Parity) iis os ce Vie Vaeviw eo he ges eNed wk 5-15 
5.19 EADS# (External Address Strobe) .................+. 5-16 
5.20 EWBE# (External Write Buffer Empty)............... 5-17 
5.21 FERR# (Floating-Point Error) ...................04- 5-18 
5:22. -FLUSH# (Cache Flush). oni. 3 dics sie d cba ee os wae a 5-19 
5.23 HIT# (Inquire Cycle Hit) ............. 0. ee eee eee eee 5-20 
5.24 HITM# (Inquire Cycle Hit To Modified Line) .......... 5-20 
5.25 HLDA (Hold Acknowledge) ............... cee eee eee 5-21 
5.26 HOLD (Bus Hold Request) ............ 0. eee eee eee 5-21 
5.27. IGNNE# (Ignore Numeric Exception) ................ 5-22 
528 - INIT (Gnitializauon):. ss.00 e534 48 ee awe ons eteeia ees 5-23 
5.29 INTR (Maskable Interrupt) ...................00008- 5-24 
5.30 INV (Invalidation Request) ............. cece ee ences 5-24 
5.31 KEN# (Cache Enable) .............. cece eee ee eens 5-25 
Soc, -LOCK# (bus Lock)» 1:44 $00.04 o. 20 Guu and dae deeees 5-26 
5.33 M/IO# (Memory or I/O) ........... cee eee ee eens 5-27 
5.34 NA#(Next Address) ........... ccc e cece cence eee eees 5-28 
5.35 NMI (Non-Maskable Interrupt) ................200005 5-28 
5.36 PCD (Page Cache Disable) ............. 00. eee eee 5-29 
5.37. -PCHK# (Parity Check) ..:5 250 24 Nedbceeun es Seach Alara 5-30 
5.38 PWT (Page Writethrough) ..............cc eee e eee eee 5-31 
noo: GRESE T(RESCt): cause we lad tcadaenedaidulhee wan cade 5-32 
540° KRSVD (Reserved): ...66 ida ss ctes Sie a ke eedkeeewoeat va ae 5-32 
5.41. -SCYC GphtCycle) 24 vy es tod a eeeadte eh atewiaiers 5-33 
5.42 SMI# (System Management Interrupt) ............... 5-33 
5.43. SMIACT# (System Management Interrupt nCuNe) reer 5-34 
5.44 -STPCLK# (Stop Clock) .. 0. cde een ci ebay eee eeews 5-35 
BAS, -TCK- (lest Clock): 4....9s0% 3a tac uae Fea ne eee ees 5-35 


20695E/0—June 1997 


5.46 


Preliminary Information AMDZ\ 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 


TDI Crest Data INpuUt) 1646.63 + ew ae ora Laos 5-36 
5.47 “FDO (Test Data Output) <cacieveuesecacsaw Seed eae ws 5-36 
5.48 TMS (Test Mode Select) ............... so Ee els tae Used 5-36 
549° TRS T# (Test Reset) 0 sins a accesses anes es aus 5-37 
5.50 “VCC2DET (Voce? Detect) 2... cic ee cc e awe rawen ste wad 5-37 
5:51 WiIR# (Write/Read) ss fciccies ee bee ee ead CAO eee 5-37 
5.52 WB/WT# (Writeback or Writethrough) ............... 5-38 
Bus Cycles: 246 eee eS Ses FSA be eee es 6-1 
6.1 Timing Diagrams: 5.5 55.5 (aes Sadie nsayedaw see GS ews 6-1 
6.2 Bus State Machine Diagram ............. 0.0 eee wees 6-3 
MUG ig yas ca tse Baye bison sth ara Sse at Porat Ped tae ek ee Goad h orl ete od Se 6-4 
OT OSS is 5 te G5 ia ec8 grace a Rie wehbe ab se Gee ea sg ae 6-4 
Data eins wt Aw cine Ratha ba Rl hon SW RD eee ea eh aaa le 6-4 
Data-NA# Requested............. cee eee eee eee teens 6-4 
Pipeline Address: oss ves Eee) be Ee eee ee OAs Ghats 6-4 
Pipeline Data's ais ts44 hi ved why vowed ote eA GAs 6-5 
Transitioass ts sien cde o 4 avo tae bE RE aS eke 6-5 
6.3 Memory Reads and Writes ........... 0. cece eee eeeeee 6-6 
Single-Transfer Memory Read and Write............... 6-6 
Misaligned Single-Transfer Memory Read and Write..... 6-8 
Burst Reads and Pipelined Burst Reads............... 6-10 
Burst Writebacks: siyiox.c ace bag eetatweteede een Bei ee 6-12 
6.4 VO Read and Write ........... cece eee eee eee eas 6-14 
Basic /O Read and Write........... cee eee eee 6-14 
Misaligned I/O Read and Write................220005 6-15 
6.5 Inquire and Bus Arbitration Cycles .................4. 6-16 
Hold and Hold Acknowledge Cycle................... 6-16 
HOLD-Initiated Inquire Hit to Shared or 
Exclusive Line wsvcs chee eA ae kee eoa nea eee eeees 6-18 
HOLD-Initiated Inquire Hit to Modified Line.......... 6-20 
AHOLD-Initiated Inquire Miss ................20 00 ee 6-22 
AHOLD-Initiated Inquire Hit to Shared or 
Exclusive Litt@:: s V.i0.20%.e0.08 «ak Gnele wah eae ees 6-24 
AHOLD-Initiated Inquire Hit to Modified Line......... 6-26 
AHOLD RestrictiOn: 474. fe sin ww Sok ake eRe wks 6-28 
Bus. Backoff (BOFF#)s 3.205 od eee be ee bee wee ees 6-30 
Locked: Cycles) eo.co8 6b tics eae SA SBS WEE OORT 6-32 
Basic Locked Operation ............ 0. c ee eee eee eee 6-32 
Locked Operation with BOFF# Intervention ........... 6-34 
Interrupt Acknowledge. .......... 2.0 c cece eee en eeee 6-36 
6.6 Spectal Bus Cycles:.o a. 6405.5 ccs tNoe se kG ws ee we 6-38 
Basic Special Bus Cycle ........... cc cc eee eee 6-38 
Shutdown Cycle isc. oss lees eh 454 ea as wr ee EAS 6-40 
Stop Grant and Stop Clock States...................- 6-41 
INIT-Initiated Transition from Protected Mode to 
Real Mode py csac bs ged ke ci ieda ceeG Sed aed e heats 6-44 


AMD<a\ Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 
7 Power-on Configuration and Initialization ............... 7-1 
tid Signals Sampled During the Falling Transition of 
RES cea ea ea ea ea Bae See eee eee hy 7-1 
BLUSH j-csintwd b ohe aera anew oa ax he eee Seen eees 7-1 
BE 20 siecRane nd bei o cone ik be epee cee! oy PANES 7-1 
BRD VCH a lecGrt nly oath eel ig oe oss ele tne ee & & senelene ease 7-1 
72 RESET Requirements ............. 0c cece eee rect eens 7-2 
Via State of Processor After RESET ....................-. 7-2 
Output SISN aS ss 23 ae be Le ee aOR eRe a Seay 7-2 
REPISEETS 45564 Sno iS 6 eared Sods BW are ROM ATE whe Re 7-2 
7.4 State of Processor After INIT ............... 2. eee eee 7-4 
8 Cache Organization .............. 0 cece eens iain ay stares 8-1 
8.1 MESI States in the Data Cache .................-00008- 8-2 
8.2 PRECECODE Bits. cise ROS Abt ee RON ER eee baa ee 8-2 
8.3 Cache Operation: 2.058 ssnche Sts So eG ee es ESS ee Hes 8-3 
Cache-Related Signals ............ eee eee eee eee eee 8-5 
8.4 Cache Disabling: ig nou sa cane bites aewewie teen eae 8-5 
8.5 Cache-Line Puls \ ob.coss tcc pee ie Pewee ees Mates 8-6 
8.6 Cache-Line Replacements .............. 22 e ee eeeeeees 8-7 
8.7 Write: Allocate 2% ek 2 cue eh bes Seas wh ons ere ree re 8-7 
Write to a Cacheable Page................. 2. eee eee 8-8 
Writetoa Sector c.64cs fen Mead Aces Ged neena sd eewese es 8-8 
Write Cacheability Detection ....................006- 8-8 
Write Allocate Limits sei oer era eet ia aee eas 8-9 
Descriptions of the Logic Mechanisms and Conditions... 8-11 
8.8 PYefetchiINe seed oo he ae Oe Ae in a Oe Ba bee ee 4 8-12 
8.9 Caché States: 3 esas hook ie ew tease harsh tie ycsin f 8-13 
8:10 . “Cache COnGTCNCY fc570 6 ek 8 a Weis wee eer eras aS 8-14 
Mqwre: CyClES sa cccvi ets Ohenkwha ese dewes Bares 8-14 
Internal SNOOPINE «i665 bd os ewe ee ea oe as wed ee 8-14 
BE SHR gies uav Waa eaoe at bar Atlee. @ eee ae 8-15 
WBINV D and INV Dyj ae eacee ion eee oA es RE 8-15 
Cache-Line Replacement ............. 2... cece eae 8-15 
Cache SN0OpING ti 644) euib4 et bed a Oe bE ee eA Sess 8-17 
8.11 Writethrough vs. Writeback Coherency States ......... 8-18 
8.12 A20M# Masking of Cache Accesses ..............-.--. 8-18 
9 Floating-Point and Multimedia Execution Units .......... 9-1 
9.1 Floating-Point Execution Unit .................5- 5 ees 9-1 
Handling Floating-Point Exceptions................... 9-1 
External Logic Support of Floating-Point Exceptions..... 9-1 
9.2 Multimedia Execution Unit .......... 0... cc eee eee ees 9-3 
9.3 Floating-Point and MMX Instruction Compatibility ...... 9-3 
RESISEERSswt hore Ae ae x Si ee ad heh Ga eer eos es 9-3 
EXCEPUONS eso oek ine ones vies wie we OSS eee aes 9-3 
FERR# and IGNNE£ acc 25s shee Oe ae See ee es 9-3 


vi 


20695E/0—June 1997 


10 


11 


12 


13 


Preliminary Information . AMDZI 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 


System Management Mode (SMM) .................... 10-1 
LOD. OVERVIEW 6k 5c esis 0 ERS EGS Ee ees EEG eo ele ee RS 10-1 
10.2 SMM Operating Mode and Default Register Values .... 10-1 
10.3 SMM State-Save Area ........ cc cece ee ee eens 10-4 
10.4 SMM Revision Identifier ...................20 0 ee eee 10-6 
10.5 SMM Base Address ........... cece cece rete eee eees 10-7 
10-6 . Halt Restart Slot..c.0 . osnehmede wba ee ene sekds 10-7 
10,7 VO Trap Dword :s isa cesaoens $3-6GeN 5 26 te ee Ske eee 10-8 
10.8 WOTrap Restart Slot ........ cc. eee eee ees 10-9 
10.9 Exceptions, Interrupts, and Debug inSMM .......... 10-10 
Test and DeDud 2446 .ncehe icin eee ete ekg Wawel aa sa ws 11-1 
11.1 Built-In Self-Test (BIST) .......... 0... ccc eens 11-1 
T12.  TrieState: Tést MOde: 44c5:625 nisin dake ONG Ge ee es 11-2 
11.3. Boundary-Scan Test Access Port (TAP) ............... 11-3 
Test ACCESS POrt sfc vin cals Gee ORS eee awe aA eos 11-3 
TAP SIO alS hes osraal ee Gaeine eek Pee ena Suna 11-3 
VAP REBIStGPs i5 Jaw Sd ood eee ees Soe a haa 11-4 
TAP Instructions os ¢5.62 eh SR Ye 8S PRA oe See ees 11-9 
TAP Controller State Machine. .................000- 11-10 
LA gb Cache Inhibit ss cnco ey itha acne SNA wtaa a ek Yee 11-13 
PUFDOSE oe susd a SR AOE SOURS EWR Be TERE ewes 11-13 
TDS: - DEDUR ied so ied eee saee REE EROS OR eh Pe Hak 11-14 
Debug RESiSters so .ica ene oe be hs wenn easiness ease 11-14 
Debiig EXCeptlons 2.42 6092.64 sue weed eed es 11-19 
COCR Commer i siie kad Bk 6 ee ah ao 8 We Sea a Wie wo ee 12-1 
12:1. Halt State 64.264 e irks sew e ewes Bie Pe we Parke OS eS 12-2 
Enter Halt State .c4a0 vccidvan Senses wie eee 12-2 
EXxit-Halt, States.¢ 22:5 Gestaec sb eee tetas TRIS Gees Sls 12-2 
122° . Stop Grant State n69: 55.445 Oe ode ane Gewese Foeew SH See 8S 12-3 
Enter Stop Grant State... .... ccc cece eee eee eee 12-3 
Exit'Stop Grant:State ois eabs secs cows eed Jest whee 12-3 
12.3. Stop Grant Inquire State .................. 00 eee eens 12-4 
Enter Stop Grant Inquire State ................ 20 cee 12-4 
Exit Stop Grant Inquire State .................20006- 12-4 
124- Stop Clock State«2.0 os acs owiaaws 435 Seed eae eae 12-4 
Enter Stop Clock State... ci... ace eee cee eens 12-4 
Exit Stop Clock State's «ios va sds eure swe a doe ha 12-5 
Power and Grounding .......... 0. cece ewe cece cree eees 13-1 
13.1. Power Connections 95 cise bebe dsc ea es Sie ee 13-1 
13.2 Decoupling Recommendations ...................06. 13-2 
13.3. Pin Connection Requirements ................00 000s 13-3 


vii 


AMD 71 Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 
14 Electrical. Data: ccscacen se eee Seo Wie PRES EE OS 14-1 
14.1 Operating Ranges :......6 i600 bss eben eee ews wees a ees 14-1 
14-7 ' Absolute Ratings: -.) aveaderee bce te oie kee eee ees 14-1 
14,3- °° DC Characteristics 00055 6 Gade 5 oie oo sid AEA ESTES 14-2 
14a / Power Dissipation. vsciw posal eh 6s Bosh ey Ee Tena 14-3 
15 WO Buffer Characteristics ............0ce eee e eee ee ee 15-1 
15.1 Selectable Drive Strength ................... 0.0 eee 15-1 
15,2: . VO Butler: Model yiicicwc end geek oe 5s oo eee ws SSR 15-2 
15.3. W/O Model Application Note .......... ce eee eee eee ees 15-3 
15.4 W/O Buffer AC and DC Characteristics ................ 15-3 
16 Signal Switching Characteristics .............0eeeeeeee 16-1 
16.1 CLK Switching Characteristics ................00 000s 16-1 

16.2 Clock Switching Characteristics for 66-MHz Bus 
OPGPat ON Hin: <. des sac We siege ha new hen cee Sneek SEH 16-2 

16.3. Clock Switching Characteristics for 60-MHz Bus 
OB ESFATION. i560 BA a Bs WER ORES LR ERS 16-2 
16.4 Valid Delay, Float, Setup, and Hold Timings .......... 16-3 
16.5 Output Delay Timings for 66-MHz Bus Operation ...... 16-4 

16.6 Input Setup and Hold Timings for 66-MHz Bus 
ODELATION: Sica RONG GAS twas SNS ew bee 4 OR e ed ee Baek 16-6 
16.7 Output Delay Timings for 60-MHz Bus Operation ...... 16-8 
16.8 Input Setup and Hold Timings for 60-MHz Bus 

ODEerabiOn -<44 Hohn Seni tas ees hetawt eet eases 16-10 
16.9 RESET and Test Signal Timing .................04. 16-12 
17 Thermal Design. ss.4.5-6:65. 44 das WR ROW A hee eS BOSS 17-1 
17.1 Package Thermal Specifications ..................64. 17-1 
Heat Dissipation Path............. cc cece eee eee eens 17-3 
Measuring Case Temperature .......... 0. cece eee eeee 17-4 
17.2. Layout and Airflow Considerations ...............08- 17-4 
Voltage Resulator. 7.2544 os oho shee as eet ee eas ene 4 17-4 
Airflow Management in a System Design.............. 17-6 
18 Pin Description Diagram ..... eee re ere ere ee 18-1 
19 Pin Designations: 66205 sak ais eisle i ol wieleais Soe ES es HAE A tes 19-1 
20 Package Specifications ........... cee cece cece ee enee 20-1 
20.1 321-Pin Staggered CPGA Package Specification ....... 20-1 
21 Ordering Information ...........0ccccceccccccencccce 21-1 
INUGS (cetacean alle Yo ws Std aoe ee eee I-1 


vill 


20695E/0—June 1997 


List of Figures 


List of Figures 


Figure 1. 
Figure 2. 
Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 
Figure 8. 
Figure 9. 


Figure 10. 
Figure 11. 
Figure 12. 
Figure 13. 
Figure 14. 
Figure 15. 
Figure 16. 
Figure 17. 
Figure 18. 
Figure 19. 
Figure 20. 
Figure 21. 
Figure 22. 
Figure 23. 
Figure 24. 
Figure 25. 
Figure 26. 
Figure 27. 
Figure 28. 
Figure 29. 
Figure 30. 
Figure 31. 
Figure 32. 
Figure 33. 
Figure 34. 
Figure 35. 
Figure 36. 
Figure 37. 
Figure 38. 


Preliminary Information AMD<¢@ 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 


AMD-K6 MMX Enhanced Processor Block Diagram ....... 2-5 
Cache Sector Organization .......... ccc cece eee eee eee 2-6 
Phe: lisituction. Bulters4.23.. b200h ou Pevegiake ase etas ae 2-7 
AMD-K6 Processor Decode Logic..............0 eee eee 2-8 
AMD-K6 Processor Scheduler............. cece eee eeee 2-11 
EAX Register with 16-Bit and 8-Bit Name Components..... 3-2 
Integer Data Registers. ............. cece eseeeceeteeeee 3-3 
Segment Register.............cc eee ee eees espe ie ak aM 3-4 
DEOMENt WSalG 445. 0a wee onde es La So dee waded aa adeard an 3-5 
Floating-Point Register ............. cece cece cece tenes 3-6 
FPU Status Word Register ........... 0. eee eee eee eee 3-6 
FPU Control Word Register ............. cece eee eee ee 3-7 
FPU Tag Word Register, so0.s65.. e2 ds aiden ase wea. 3-7 
Packed Decimal Data Register................. 0c eee 3-8 
Precision Real Data Registers ........... 0... cece eee eee 3-8 
IMEX RESIStOLS orth ih eed oh aed ee Se Boe eae 3-9 
EFLAGS Reosisters ss: ¢. phe o ns  oed esas ws eae wad se 3-10 
Control Register 4 (CR4)...... 0... cece eee eee eens 3-11 
Control Resister 3:(CR3) ii. beens Ge tla sea ta wine aw oes 3-11 
Control: Register 2 (CRZ) ios wer aan nas dieg Gea es 3-11 
Control: Register 1.(CR1) sinc <n cseae wade eae wt bee es 3-12 
Control Register 0 (CRO)............ 0. cece cece ee eees 3-12 
Debug Register DR7 ........... cece eee eee nes 3-13 
Debug Register DRG: i625 60's Kew 6 O84. ara ee nce pea a en et 3-14 
Debug Registers DR5 and DR4........... 0.0 c eee ee eee 3-14 
Debug Registers DR3, DR2, DR1, and DRO.............. 3-15 
Machine-Check Address Register (MCAR).............. 3-16 
Machine-Check Type Register (MCTR)................. 3-17 
Test Register 12 (TR12)....... 0... cc ccc ee ee eee 3-17 
Time Stamp Counter (TSC)........... ccc eee eens 3-17 
Extended Feature Enable Register (EFER)............. 3-18 
SYSCALL Target Address Register (STAR)............. 3-18 
Write Handling Control Register (WHCR).............. 3-19 
Memory Management Registers..............0..202000% 3-20 
Task State Segment (TSS). ...... 0.0... ccc eee eee 3-21 
4-Kbyte Paging Mechanism................. eee eee eees 3-22 
4-Mbyte Paging Mechanism ............. 0.2.00 eeeee 3-23 
Page Directory Entry 4-Kbyte Page Table (PDE)......... 3-24 

ix 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 


Figure 39. 
Figure 40. 
Figure 41. 
Figure 42. 
Figure 43. 
Figure 44. 
Figure 45. 
Figure 46. 


Figure 47. 
Figure 48. 
Figure 49. 
Figure 50. 
Figure 51. 
Figure 52. 
Figure 53. 


Figure 54. 
Figure 55. 
Figure 56. 


Figure 57. 
Figure 58. 
Figure 59. 
Figure 60. 
Figure 61. 
Figure 62. 
Figure 63. 
Figure 64. 
Figure 65. 
Figure 66. 
Figure 67. 


Figure 68. 
Figure 69. 
Figure 70. 
Figure 71. 
Figure 72. 


Figure 73. 
Figure 74. 


Preliminary Information 


20695E/0—June 1997 


Page Directory Entry 4-Mbyte Page Table (PDE) ........ 3-24 
Page Table Entry (PTE). s:.6¢ 6.5 620055 ot oe e be ees odes 3-25 
Application Segment Descriptor ..............0eeeeees 3-26 
System Segment Descriptor ........... 0. eee eee eens 3-27 
Gate Descriptor ........... cece ec cette ec eee e enc eace 3-28 
Waveform Definitions ........... 0... cee eee eee eens 6-2 
Bus State Machine Diagram ...............00e ee eeeeeee 6-3 
Non-Pipelined Single-Transfer Memory Read/Write and 

Write Delayed by EWBE#............ cece eee ees 6-7 
Misaligned Single-Transfer Memory Read and Write ...... 6-9 
Burst Reads and Pipelined Burst Reads ................ 6-11 
Burst Writeback due to Cache-Line Replacement........ 6-13 
Basic I/O Read and Write ........... 0. eee eee e eens 6-14 
Misaligned I/O Transfer... ......... cece eee eens 6-15 
Basic HOLD/HLDA Operation ............. 0.0 eee 6-17 
HOLD-Initiated Inquire Hit to Shared or 

Exclusive Line <5 joc c2 ce era ned ees aiuto wwe wd sks 6-19 
HOLD-Initiated Inquire Hit to Modified Line............ 6-21 
AHOLD-Initiated Inquire Miss................00 ee eee 6-23 
AHOLD-Initiated Inquire Hit to Share or 

Exclusive LING <3 iocd aids 0 be BRAG Ah oes s ath eae eae 6-25 
AHOLD-Initiated Inquire Hit to Modified Line .......... 6-27 
AHOLD Restriction -« s-:i04.06400u e405 6 bate Paw eee eR He 6-29 
BORE HT Timitg ceils ty rete hos eb GRA aa we 6-31 
Basic Locked Operation. ...........0c cece eee eeceeeees 6-33 
Locked Operation with BOFF# Intervention............. 6-35 
Interrupt Acknowledge Operation................0000% 6-37 
Basic Special Bus Cycle (Halt Cycle)................... 6-39 
Shutdown Cycle... jiciéaiiswe dhe oti aeesd seaivaeie ewes 6-40 
Stop Grant and Stop Clock Modes, Part1............... 6-42 
Stop Grant and Stop Clock Modes, Part2............... 6-43 
INIT-Initiated Transition from Protected Mode to 

Weal Mogens ob Be 8 hc Sy i RNG Caw 4 eS 6-45 
Cache Organization 12. seed pais eeu iaiae we wae Beare kis 8-1 
Cache Sector Organization .......... 0. cece cece ee ee eee 8-2 
Write Handling Control Register (WHCR)............... 8-9 
Write Allocate Logic Mechanisms and Conditions........ 8-11 
External Logic for Supporting Floating-Point 

EXCEPUONS 6.6. os eee OR eT Ae ee ene eee eee 9-2 
DIMM MCMOLY oie Sa Nog siete es ow ah SS RH wR Ce ey 10-3 
TAP State Diagram ... 6.0. ccc cc cet eee cceesaenes 11-11 


List of Figures 


20695E/0—June 1997 





List of Figures 


Figure 75. Debug Register DR7 ............ cece cece ete eees 11-15 
Figure 76. Debug Register DR6 .......... eee ee ee eee ees 11-16 
Figure 77. Debug Registers DR5 and DR4.............. 0.0 eee eee 11-16 
Figure 78. Debug Registers DR3, DR2, DR1, and DRO............. 11-17 
Figure 79. Clock Control State Transitions ................ 000 e eee 12-6 
Figure 80. Suggested Component Placement ....................- 13-2 
Figure 81. K6STD Pulldown V/I Curves.............. eee eee eee 15-3 
Figure 82. K6STD Pullup V/I Curves .......... ccc eee eee eee 15-3 
Figure 83. CLK Waveforins...s sciacvang-se aura ea eal ar SS EES ee ate 16-3 
Figure $4... Diagrams Key i. 36.20% Hck sew 06 brn bo REET WEE RS 16-14 
Figure 85. Output Valid Delay Timing.....................0006- 16-14 
Figure 86. Maximum Float Delay Timing ....................... 16-15 
Figure 87. Input Setup and Hold Timing........................ 16-15 
Figure 88. Reset and Configuration Timing ...................-- 16-16 
Figure:s9.. TCR Wavelorninc- 3 3cdaskics ¢25 2 Ao eee ha she Sh wows 16-17 
Fieure 90. TRS? Timings geste cca tn Sas eae bes ee eae ee 16-17 
Figure 91. Test Signal Timing Diagram..................2200005 16-17 
Figure 92. ‘Thermal Model 2... 5 .6:¢0.5:¢4544 00444443 24 gue cet eee ae 17-2 
Figure 93. Power Consumption vs. Thermal Resistance ............ 17-2 
Figure 94. Processor Heat Dissipation Path ...../.............006- 17-3 
Figure 95. Measuring Case Temperature............. 200s ee eeee 17-4 
Figure 96. Voltage Regulator Placement.......................-- 17-5 
Figure 97. Airflow for a Heatsink with Fan....................206- 17-5 
Figure 98. Airflow Path in a Dual-fan System..................66. 17-6 
Figure 99. Airflow Path in an ATX Form-Factor System............ 17-7 
Figure 100. AMD-K6 MMX Enhanced Processor Pin-Side View....... 18-1 
Figure 101. 321-Pin Staggered CPGA Package Specification ......... 20-2 

xi 


Preliminary Information AMDdZ 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 


AMDg¢l Preliminary Information 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


xii | List of Figures 


20695E/0—June 1997 


List of Tables 


List of Tables 


Table 1. 


Table 2. 
Table 3. 


Table 4. 
Table 5. 
Table 6. 
Table 7. 
Table 8. 
Table 9. 


Table 10. 
Table 11. 
Table 12. 
Table 13. 
Table 14. 
Table 15. 
Table 16. 
Table 17. 
Table 18. 
Table 19. 
Table 20. 
Table 21. 
Table 22. 
Table 23. 
Table 24. 
Table 25. 
Table 26. 
Table 27. 
Table 28. 
Table 29. 
Table 30. 
Table 31. 
Table 32. 
Table 33. 


Table 34. 
Table 35. 
Table 36. 
Table 37. 
Table 38. 
Table 39. 
Table 40. 


Preliminary Information 


AMDd@ 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 


Execution Latency and Throughput of Execution 





UTES ay ees oe eb eae Ges anaes Wh Swng uae Ble 8 te eG Ae eG Se Se 2-12 
General-Purpose Registers .......... 02 cece eee eee eens 3-1 
General-Purpose Register Dword, Word, and Byte 
NAMES a:32. create we Ae Se ee ONES ae RS 3-2 
SEPMENt. RESISCELS so555 8 xca% sea eck eae lk Pee eG Ee 3-4 
Model-Specific Registers (MSRs)........... 0c cece eens 3-16 
Extended Feature Enable Register (EFER) Definition... . 3-18 
SYSCALL Target Address Register (STAR) Definition. ... 3-19 
Memory Management Registers...............0000000+ 3-19 
Application Segment Types ......... 0... cece eee eens 3-26 
System Segment and Gate Types........... ccc eee eee 3-27 
Summary of Exceptions and Interrupts................. 3-28 
Inteper INsthuctions . 35.3444 os 64 cee ere ae ia CA ee 3-30 
Floating-Point Instructions .............. 2200 e eee ee eee 3-48 
MMX THStrucou0ns: 43465.5.0540 60 ote eee ees ne bse eed 3-52 
Processor-to-Bus Clock Ratios. ........... 00. e eee eeeee 5-8 
Input Pin Types 25.2. eiv ete ivach cere et heb ei vee Geeays 5-39 
Output Pin Float Conditions..............0 0. eee eens 5-40 
Input/Output Pin Float Conditions..................... 5-40 
Test PINS syd es Rae ee ewes ens Bacheetiadeatte a stobies 5-40 
Bus Cycle Definition ............ 0c cece cee tees 5-41 
Special! Cycles. 5 cs -o.5 0 Sache Gace 8 Aan aoe awe be eeog a ate 5-41 
Bus-Cycle Order During Misaligned Transfers............ 6-8 
A[4:3] Address-Generation Sequence During Bursts...... 6-10 
Bus-Cycle Order During Misaligned I/O Transfers........ 6-15 
Interrupt Acknowledge Operation Definition............ 6-36 
Encodings For Special Bus Cycles ..................065 6-38 
Output Signal State After RESET ...................0-. 7-2 
Register State After RESET....................2000 eee 7-3 
PWT Signal Generation...i..6i6 6 aw des Ceeie Rae e deeds 8-4 
PCD Signal Generation +0646 cies cn caw seeee cower se See wees 8-4 
CACHE# Signal Generation ......... 0.0.00. e eee nee 8-5 
Data Cache States for Read and Write Accesses ......... 8-13 
Cache States for Inquiries, Snoops, Invalidation, and 
Replacement aiuk-oi coe ad we taie aed SO cw ad Bees 8-16 
SHOOD ACUON ss otto G-04s teaser Sed es aa ee a 8-17 
Initial State of Registers in SMM...................05. 10-3 
SMM State-Save Area Map.......... cc eee eee 10-4 
SMM Revision Identifier ........... 0. cece cece een ecees 10-7 
VO Trap Dword Configuration ........... 0.00 e ees 10-8 
T/OTrap Restart Slot is cbc G sua esa Sh etoe eae aes 10-9 
Boundary Scan Bit Definitions .................000 000s 11-7 
xiii 


AMD¢1 


Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


Xiv 


Table 41. 
Table 42. 
Table 43. 
Table 44. 
Table 45. 
Table 46. 
Table 47. 
Table 48. 
Table 49. 


Table 50. 


Table 51. 
Table 52. 


Table 53. 
Table 54. 


Table 55. 


Table 56. 
Table 57. 
Table 58. 
Table 59. 
Table 60. 


Device Identification Register ........... 0.0 cece seen 11-8 
Supported Tap Instructions. .............00c cece eee eee 11-9 
DR7 LEN and RW Definitions ................0 00a eee 11-19 
Operating Ranges ici kos peed ewes Soe Oho ee Dada eee es 14-1 
Absolute Ratings ic (seach pass hen eee Ress als 14-1 
DC Characteristics 2.35 etd 2344 we ss ee eae eee ies 14-2 
Typical and Maximum Power Dissipation............... 14-3 
A[20:3], ADS#, HITM#, and W/R# Strength Selection..... 15-1 
CLK Switching Characteristics for 66-MHz Bus 
OOETANION 205-4 365 Saco RAS S02 eS Ua el aided VWs ee wan ees 16-2 
CLK Switching Characteristics for 60-MHz Bus 
ODErAlION: :iieeG/s Ga 4 FAG WS OY REV eek GEREN OEE Bowves ees 16-2 
Output Delay Timings for 66-MHz Bus Operation ........ 16-4 
Input Setup and Hold Timings for 66-MHz Bus 
OPGFationinc «do ten ee- neta Cet tee eee he eee eee 16-6 
Output Delay Timings for 60-MHz Bus Operation ........ 16-8 
Input Setup and Hold Timings for 60-MHz Bus 
Operation 4.60 eee desire Asad ta eres edears 16-10 
RESET and Configuration Signals (60-MHz and 
66-MH7Z Operation) snis 6s ies ba cout ee 28 foes ws 16-12 
TCK Waveform and TRST# Timing at 25 MHz.......... 16-13 
* Test Signal Timing at 25 MHz........... bi at fh et ah Gets Side 16-13 
Package Thermal Specification ....................55. 17-1 
321-Pin Staggered CPGA Package Specification ......... 20-1 
Order Number Valid Combinations.................... 21-1 
List of Tables 


Preliminary Information AMD a1 
20695E/0—June 1997 AMD-K6™ MMX™ Enhanced Processor Data Sheet 


Revision History 






























































a 

Mar 1997 |B__ | Added Chapter 8, “Cache Organization”. 

Mar 1997 Removed FDIV and FSQRT entries from Table 1, “Execution Latency and Throughput of Execution 
Units,” on page 2-12 of Chapter 2, “Internal Architecture”. 
“Pin Designations” on page 19-1. 

|Mar 1997 |B Added /nternal Pullup to BRDY# description (on page 5-10) in Chapter 5, “Signal Descriptions”. 

Mar 1997 Be | Added Write Cacheability Detection to KEN# description (on page 5-25) in Chapter 5, “Signal 

Mar 1997 IB Corrected description of EWBE# effect on cycles in Chapter 6, “Bus Cycles”. 
Cycles”. 

Mar 1997 


Aug 1996 Initial Release 
|Mar 1997 |B | Added Chapter 10, “System Management Mode (SMM)". 
Added BF2 signal (on page 5-8) to Chapter 5, “Signal Descriptions” and defined four new clock 
Mar 1997 
a Corrected description of initial sampling point in BRDY# (on page 5-10) and BRDYC# (on page 5- 
|Mar 1997 |B | Changed V;_ to V¢¢z in DP7-DPO description (on page 5-15) in Chapter 5, “Signal Descriptions”. 
Descriptions”. 
Corrected KEN# in Figure 49, “Burst Writeback due to Cache-Line Replacement,” on page 6-13 
Mar 1997 
eo Added LOCK# and SCYC to Figure 51, “Misaligned I/O Transfer,” on page 6-15 in Chapter 6, “Bus 






figure. 


Added FLUSH# to Chapter 6, “Bus Cycles” as a condition under which the processor performs a 
writeback 


Added a break in timing to Figure 62, “Interrupt Acknowledge Operation,” on page 6-37. 


Changed Latch to Flip-Flop in Figure 72, “External Logic for Supporting Floating-Point Exceptions,” 
on page 9-2 of Chapter 9, “Floating-Point and Multimedia Execution Units”. 






Mar 1997 |B | Added Chapter 3, “Software Environment”. 
[Mar 1997 |B Added Chapter 11, “Test and Debug”. 
Mar 1997 B Added Chapter 21, “Ordering Information”. 
multipliers. Added BF2 to Chapter 18, “Pin Description Diagram” on page 18-1 and Chapter 19, 
11) descriptions in Chapter 5, “Signal Descriptions”. 
Mar 1997 Removed overbar from AHOLD in EADS# description (on page 5-16) in Chapter 5, “Signal 
Descriptions”. 
Mar 1997 Added DATA-NA# Requested state to Figure 45, “Bus State Machine Diagram,” on page 6-3 and 
added bus state descriptions in Chapter 6, “Bus Cycles”. 
and Figure 57, “AHOLD-Initiated Inquire Hit to Modified Line,” on page 6-27 in Chapter 6, “Bus 
Mar 1997 Cycles” 
Mar 1997 


Corrected descriptions of initial sampling point of BRDY# throughout Chapter 6, “Bus Cycles”. 


“Pipelined Single-Transfer Memory Read and Write” figure consolidated into Figure 48, “Burst 
Reads and Pipelined Burst Reads,” on page 6-11; NA#-to-ADS# relationship corrected in new 
Revision History xv 






AMD¢1 Preliminary Information 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 










Description 


oa figure numbers referencedi in valid delay, float, setup, and hold timing tables in Chapter 
Mar 1997 u 
16, “Signal Switching Characteristics”. 


Corrected ‘E’ and ‘F’ dimension references in Figure 101, “321-Pin Staggered CPGA Package 
Specification,” on page 20-2 of Chapter 20, “Package Specifications”. 


Mar 1997 Changed names of drive strengths in Chapter 15, “I/O Buffer Characteristics” from BUF1 and BUF2 
to K6STD and K6STG, respectively. 


in fa Removed 180MHz specification from and added 233MHz specification to Table 46, “DC 
Mar 1997 


Characteristics,” on page 14-2, Table 47, “Typical and Maximum Power Dissipation,” on page 14- 
ar wor | 1997 
















Mar 1997 








3, and Table 58, “Package Thermal Specification,” on page 17-1. 


ie power dissipation specifications in Table 47, “Typical and Maximum Power Dissipation,” 
Gale page 14-3, and Table 58, “Package Thermal Specification,” on page 17-1. 


Changed Vcc3 maximum specification from 3.465V to 3.6V in Table 44, “Operating Ranges,” on 
page 14-1. 
[Mar 1997 |B Revised Symbol ‘F’ in Table 59, “321-Pin Staggered CPGA Package Specification,” on page 20-1. 


|Apr 1997 |D_ | Revised OPN in Chapter 21, “Ordering Information”. 
June 1957 _[E [Revised documento comply wih MKtademar. ———SSSCSC~*Y 
June 1987 _[E_| Replaced overbar wih #to dently acvetowsignas SSCS 
HJune 1997 |E Corrected description in “Write Allocate” on page 8-7. 


June 1997 Revised latency and throughput information in Table 1, “Execution Latency and Throughput of 
Execution Units,” on page 2-12. 











Mar 1997 















xvi Revision History 


Preliminary Information AMDZI 
20695E/0—June 1997 AMD-K6™ MMX™ Enhanced Processor Data Sheet 


1 AMD-K6™ MMX™ Enhanced Processor 


em Advanced 6-Issue RISC86® Superscalar Microarchitecture 
Seven parallel specialized execution units 

Multiple sophisticated x86-to-RISC86 instruction decoders 
Advanced two-level branch prediction 

Speculative execution 

Out-of-order execution 

Register renaming and data forwarding 


¢- ¢ © © Oem6UMOUlUH 


Issues up to six RISC86 instructions per clock 

m Large On-Chip Split 64-Kbyte Level-One (L1) Cache 

¢ 32-Kbyte instruction cache with additional predecode cache 
@ 32-Kbyte writeback dual-ported data cache 

« MESI protocol support 

High-Performance IEEE 754-Compatible Floating-Point Unit 
High-Performance Industry-Standard MMX™ Instructions 
321-Pin Ceramic Pin Grid Array (CPGA) Package (Socket 7 Compatible) 
Industry-Standard System Management Mode (SMM) 

IEEE 1149.1 Boundary Scan 

Full x86 Binary Software Compatibility 


As the next generation in the AMD K86™ family of x86 processors, the innovative 
AMD-K6™ MMX™ enhanced processor brings industry-leading performance to PC 
systems running the extensive installed base of x86 software. In addition, its socket 7 
compatible, 321-pin Ceramic Pin Grid Array (CPGA) package enables the AMD-K6 to 
reduce time-to-market by leveraging today’s cost-effective infrastructure to deliver a 
superior price/performance PC solution. 


To provide state-of-the-art performance, the AMD-K6 processor incorporates the 
innovative and efficient RISC86 microarchitecture, a large 64-Kbyte level-one cache 
(32-Kbyte dual-ported data cache, 32-Kbyte instruction cache with predecode data), a 
powerful IEEE 754-compatible floating-point execution unit, and a high-performance 
multimedia execution unit for executing industry-standard MMX instructions. These 
features have been combined to deliver industry leadership in 16-bit and 32-bit 
performance, providing exceptional performance for both Windows® 95 and Windows 
NT™ software bases. 
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The AMD-K6 MMX enhanced processor’s RISC86 microarchitecture is a decoupled 
decode/execution superscalar design that implements state-of-the-art design 
techniques to achieve leading-edge performance. Advanced design techniques 
implemented in the AMD-K6 include multiple x86 instruction decode, single-clock 
internal RISC operations, seven execution units that support superscalar operation, 
out-of-order execution, data forwarding, speculative execution, and register 
renaming. In addition, the processor supports the industry’s most advanced branch 
prediction logic by implementing an 8192-entry branch history table, the industry’s 
only branch target cache, and a return address stack, which combine to deliver 
better than a 95% prediction rate. These design techniques enable the AMD-K6 
processor to issue, execute, and retire multiple x86 instructions per clock, resulting 
in excellent scaleable performance. 


The AMD-K6 processor is fully x86 binary code compatible. AMD’s extensive 
experience through four generations of x86 processors has been carefully integrated 
into the AMD-K6 to provide complete compatibility with Windows 95, Windows 3.x, 
Windows NT, DOS, OS/2, Unix, Solaris, NetWare®, Vines, and other leading x86 
operating systems and applications. The AMD-K6 processor is Socket 7 compatible, 
allowing the processor to be quickly and easily integrated into a mature and 
cost-effective industry-standard infrastructure of motherboards, chipsets, power 
supplies, and thermal designs. 


AMD has designed, manufactured, and delivered over 50 million Microsoft 
Windows-compatible processors in the last five years alone. The AMD-K6 processor is 
the next generation in this long line of processors. With its combination of 
state-of-the-art features, industry-leading performance, high-performance 
multimedia engine, full x86 compatibility, and low-cost infrastructure, the AMD-K6 
is the superior choice for mainstream personal computers. 


1-2 AMD-K6™ MMX™ Enhanced Processor 


20695E/0—June 1997 


Preliminary Information AMDZI 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 


2 Internal Architecture 


2.1 Introduction 


The AMD-K6 MMX enhanced processor implements advanced 
design techniques known as the RISC86 microarchitecture. The 
RISC86 microarchitecture is a decoupled decode/execution 
design approach that yields superior sixth-generation 
performance for x86-based software. This chapter describes the 
techniques used and the functional elements of the RISC86 
microarchitecture. 


2.2 AMD-K6™ Processor Microarchitecture Overview | 


Internal Architecture 


When discussing processor design, it is important to 
understand the terms architecture, microarchitecture, and design 
implementation. The term architecture refers to the instruction 
set and features of a processor that are visible to software 
programs running on the processor. The architecture 
determines what software the processor can run. The 
architecture of the AMD-K6 MMX enhanced processor is the 
industry-standard x86 instruction set. 


The term microarchitecture refers to the design techniques used 
in the processor to reach the target cost, performance, and 
functionality goals. The AMD-K6 is based on a sophisticated 
RISC core known as the Enhanced RISC86 microarchitecture. 
The Enhanced RISC86 microarchitecture is an advanced, 
second-order decoupled decode/execution design approach 
that enables industry-leading performance for x86-based 
software. 


The term design implementation refers to the actual logic and 
circuit designs from which the processor is created according to 
the microarchitecture specifications. 
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Enhanced RISC86° 
Microarchitecture 


The Enhanced RISC86 microarchitecture defines the 
characteristics of the AMD-K6. The innovative RISC86 
microarchitecture approach implements the x86 instruction set 
by internally translating x86 instructions into RISC86 
operations. These RISC86 operations were specially designed 
to include direct support for the x86 instruction set while 
observing the RISC performance principles of fixed length 
encoding, regularized instruction fields, and a large register 
set. The Enhanced RISC86 microarchitecture used in the 
AMD-K6 enables higher processor core performance and 
promotes straightforward extensibility in future designs. 
Instead of directly executing complex x86 instructions, which 
have lengths of 1 to 15 bytes, the AMD-K6 processor executes 
the simpler and easier fixed-length RISC86 opcodes, while 
maintaining the instruction coding efficiencies found in x86 
programs. 


The AMD-K6 MMX enhanced processor contains parallel 
decoders, a centralized RISC86 operation scheduler, and seven 
execution units that support superscalar operation—multiple 
decode, execution, and retirement—of x86 instructions. These 
elements are packed into an aggressive and highly efficient 
six-stage pipeline. 


Decoders. Decoding of the x86 instructions begins when the 
on-chip instruction cache is filled. Predecode logic determines 
the length of an x86 instruction on a byte-by-byte basis. This 
predecode information is stored, along with the x86 
instructions, in the instruction cache, to be used later by the 
decoders. The decoders translate on-the-fly, with no additional 
latency, up to two x86 instructions per clock into RISC86 
operations. 


Note: In this chapter, “clock” refers to a processor clock. 


The AMD-K6 processor categorizes x86 instructions into three 
types of decodes—short, long and vector. The decoders process 
either two short, one long, or one vector decode at a time. The 
three types of decodes have the following characteristics: 


= Short decodes—x86 instructions less than or equal to seven 
bytes in length 


m Long decodes—x86 instructions less than or equal to 11 
bytes in length 


m Vector decodes—complex x86 instructions 


Internal Architecture 


20695E/0—June 1997 


Internal Architecture 


Preliminary Information AMDZ1 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 


Short and long decodes are processed completely within the 
decoders. Vector decodes are started by the decoders and then 
completed by fetched sequences from an on-chip ROM. After 
decoding, the RISC86 operations are delivered to the scheduler 
for dispatching to the executions units. 


Scheduler/Instruction Control Unit. The centralized scheduler or 
buffer is managed by the Instruction Control Unit (ICU). The 
ICU buffers and manages up to 24 RISC86 operations at a time. 
This equals from 6 to 12 x86 instructions. This buffer size (24) is 
perfectly matched to the processor’s six-stage RISC86 pipeline 
and seven parallel execution units. The scheduler accepts as 
many as four RISC86 operations at a time from the decoders. 
The ICU is capable of simultaneously issuing up to six RISC86 
operations at a time to the execution units. This consists of the 
following types of operations: 


s Memory load operation 

Memory store operation 

Complex integer or MMX register operation 
Simple integer register operation 
Floating-point register operation 


Branch condition evaluation 


Registers. The scheduler uses 48 physical registers that are 
contained within the RISC86 microarchitecture when 
managing the 24 RISC86 operations. The 48 physical registers 
are located in a general register file and are grouped as 24 
general registers, plus 24 renaming registers. The 24 general 
registers consist of 16 scratch registers and eight registers that 
correspond to the x86 general purpose registers—EAX, EBX, 
ECX, EDX, EBP, ESP, ESI and EDI. 


Branch Logic. The AMD-K6 MMX enhanced processor is designed 
with highly sophisticated dynamic branch logic consisting of 
the following: 


w Branch history/Prediction table 

w Branch target cache 

a Return address stack 

The AMD-K6 implements a two-level branch prediction scheme 


based on an 8192-entry branch history table. The branch 
history table stores prediction information that is used for 
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predicting conditional branches. Because the branch history 
table does not store predicted target addresses, special address 
ALUs calculate target addresses on-the-fly during instruction 
decode. The branch target cache augments predicted branch 
performance by avoiding a one clock cache-fetch penalty. This 
specialized target cache does this by supplying the first 16 
bytes of target instructions to the decoders when branches are 
predicted. The return address stack is a unique device 
specifically designed for optimizing CALL and RETURN pairs. 
In summary, the AMD-K6 uses dynamic branch logic to 
minimize delays due to the branch instructions that are 
common in x86 software. 


AMD-K6™ Processor Block Diagram. As shown in Figure 1, the 
high-performance, out-of-order execution engine of the 
AMD-K6 MMX enhanced processor is mated to a split level-one 
64-Kbyte writeback cache with 32 Kbytes of instruction cache 
and 32 Kbytes of data cache. The instruction cache feeds the 
decoders and, in turn, the decoders feed the scheduler. The 
ICU issues and retires RISC86 operations contained in the 
scheduler. The system bus interface is an industry-standard 
64-bit Pentium® processor demultiplexed bus. 


The AMD-K6 processor combines the latest in processor 
microarchitecture to provide the highest x86 performance for 
today’s personal computers. The AMD-K6 offers true 
sixth-generation performance and full x86 binary software 
compatibility. . 
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Figure 1. AMD-K6™ MMX™ Enhanced Processor Block Diagram 


2.3 Cache, Instruction Prefetch, and Predecode Bits 


The writeback level-one cache on the AMD-K6 processor is 
organized as a separate 32-Kbyte instruction cache anda 
32-Kbyte data cache with two-way set associativity. The cache 
line size is 32 bytes and lines are prefetched from main memory 
using an efficient pipelined burst transaction. As the 
instruction cache is filled, each instruction byte is analyzed for 
instruction boundaries using predecoding logic. Predecoding 
annotates each instruction byte with information that later 
enables the decoders to efficiently decode multiple 
instructions simultaneously. 


Cache The processor cache design takes advantage of a sectored 
organization (see Figure 2). Each sector consists of 64 bytes 
configured as two 32-byte cache lines. The two cache lines of a 
sector share a common tag but have separate pairs of MESI 
(Modified, Exclusive, Shared, Invalid) bits that track the state 
of each cache line. 
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Figure 2. Cache Sector Organization 
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Two forms of cache misses and associated cache fills can take 
place—a sector replacement and a cache line replacement. In 
the case of a sector replacement, the miss is due to a tag 
mismatch, in which case the required cache line is filled from 
external memory, and the cache line within the sector that was 
not required is marked as invalid. In the case of a cache line 
replacement, the address matches the tag, but the requested 
cache line is marked as invalid. The required cache line is filled 
from external memory, and the cache line within the sector that 
is not required remains in the same cache state. 


The AMD-K6 MMX enhanced processor performs cache 
prefetching for sector replacements only—as opposed to cache 
line replacements. This cache prefetching results in the filling 
of the required cache line first, and a prefetch of the second 
cache line. Furthermore, the prefetch of the cache line that is 
not required is initiated only in the forward direction—that is, 
only if the requested cache line is the first cache line within the 
sector. From the perspective of the external bus, the two 
cache-line fills typically appear as two 32-byte burst read cycles 
occurring back-to-back or, if allowed, as pipelined cycles. 


Decoding x86 instructions is particularly difficult because the 
instructions are variable-length and can be from 1 to 15 bytes 
long. Predecode logic supplies the predecode bits that are 
associated with each instruction byte. The predecode bits 
indicate the number of bytes to the start of the next x86 
instruction. The predecode bits are stored in an extended 
instruction cache alongside each x86 instruction byte as shown 
in Figure 2. The predecode bits are passed with the instruction 
bytes to the decoders where they assist with parallel x86 
instruction decoding. . 
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2.4 Instruction Fetch and Decode 


Instruction Fetch 















32-Kbyte Level-One 
Instruction Cache 


Branch Target 
Address Adders 
Return Address Stack 


16 x 16 Bytes 





The processor can fetch up to 16 bytes per clock out of the 
instruction cache or branch target cache. The fetched 
information is placed into a 16-byte instruction buffer that 
feeds directly into the decoders (see Figure 3). Fetching can 
occur along a single execution stream with up to seven 
outstanding branches taken. 


The instruction fetch logic is capable of retrieving any 16 
contiguous bytes of information within a 32-byte boundary. 
There is no additional penalty when the 16 bytes of instructions 
lie across a cache line boundary. The instruction bytes are 
loaded into the instruction buffer as they are consumed by the 
decoders. Although instructions can be consumed with byte 
granularity, the instruction buffer is managed ona 
memory-aligned word (2 bytes) organization. Therefore, 
instructions are loaded and replaced with word granularity. 
When a control transfer occurs—such as a JMP instruction— 
the entire instruction buffer is flushed and reloaded with a new 
set of 16 instruction bytes. 











Branch-Target Cache 


16 Bytes 16 x 16 Bytes 









16 Instruction Bytes 
plus 
16 Sets of Predecode Bits 







Instruction Buffer 






Figure 3. The Instruction Buffer 
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Instruction Decode The AMD-K6 MMX enhanced processor decode logic is 
designed to decode multiple x86 instructions per clock (see 
Figure 4). The decode logic accepts x86 instruction bytes and 
their predecode bits from the instruction buffer, locates the 
actual instruction boundaries, and generates RISC86 
operations from these x86 instructions. 


RISC86 operations are fixed-format internal instructions. Most 
RISC86 operations execute in a single clock. RISC86 operations 
are combined to perform every function of the x86 instruction 
set. Some x86 instructions are decoded into as few as zero 
RISC86 opcodes—for instance a NOP—or one RISC86 
operation—a register-to-register add. More complex x86 
instructions are decoded into several RISC86 operations. 


Instruction Buffer 













Short Decoder #1 


| Long Decoder 
Vector Decoder 
Vector Address 4 RISC86 Operations 


Figure 4. AMD-K6™ Processor Decode Logic 
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The AMD-K6 MMX enhanced processor uses a combination of 
decoders to convert x86 instructions into RISC86 operations. 
The hardware consists of three sets of decoders—two parallel 
short decoders, one long decoder, and one vectoring decoder. 
The parallel short decoders translate the most commonly-used 
x86 instructions (moves, shifts, branches, ALU, MMX, FPU) 
into zero, one, or two RISC86 operations each. The short 
decoders only operate on x86 instructions that are up to seven 
bytes long. In addition, they are designed to decode up to two 
x86 instructions per clock. The commonly-used x86 instructions 
that are greater than seven bytes but not more than 11 bytes 
long, and semi-commonly-used x86 instructions that are up to 
seven bytes long are handled by the long decoder. 


The long decoder only performs one decode per clock and 
generates up to four RISC86 operations. All other translations 
(complex instructions, serializing conditions, interrupts and 
exceptions, etc.) are handled by a combination of the vector 
decoder and RISC86 operation sequences fetched from an 
on-chip ROM. For complex operations, the vector decoder logic 
provides the first set of RISC86 operations and a vector (initial 
ROM address) to a sequence of further RISC86 operations. The 
same types of RISC86 operations are fetched from the ROM as 
those that are generated by the hardware decoders. 


Note: Although all three sets of decoders are simultaneously fed a 
copy of the instruction buffer contents, only one of the three 
types of decoders is used during any one decode clock. 


The decoders or the RISC86 sequencer always generate a group 
of four RISC86 operations. For decodes that cannot fill the 
entire group with four RISC86 operations, RISC86 NOP 
operations are placed in the empty locations of the grouping. For 
example, a long-decoded x86 instruction that converts to only 
three RISC86 operations is padded with a single RISC86 NOP 
operation and then passed to the scheduler. Up to six groups or 
24 RISC86 operations can be placed in the scheduler at a time. 


All of the common, and a few of the uncommon, floating-point 
instructions (also known as ESC instructions) are hardware 
decoded as short decodes. This decode generates a RISC86 
floating-point operation and, optionally, an associated 
floating-point load or store operation. Floating-point or ESC 
instruction decode is only allowed in the first short decoder, 
but non-ESC instructions, excluding MMX instructions, can be 
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decoded simultaneously by the second short decoder along with 
an ESC instruction decode in the first short decoder. 


All of the MMX instructions, with the exception of the EMMS 
instruction, are hardware decoded as short decodes. The MMX 
instruction decode generates a RISC86 MMX operation and, 
optionally, an associated MMX load or store operation. MMX 
instruction decode is only allowed in the first short decoder. 
However, instructions other than MMX and ESC instructions 
can be decoded simultaneously by the second short decoder 
along with an MMX instruction decode in the first short 
decoder. 


2.5 Centralized Scheduler 


The scheduler is the heart of the AMD-K6 MMX enhanced 
processor (see Figure 5). It contains the logic necessary to 
manage out-of-order execution, data forwarding, register 
renaming, simultaneous issue and retirement of multiple 
RISC86 operations, and speculative execution. The scheduler’s 
buffer can hold up to 24 RISC86 operations. This equates to a 
maximum of 12 x86 instructions. When possible, the scheduler 
can simultaneously issue a RISC86 operation to any available 
execution unit (store, load, branch, integer, integer/multimedia, 
or floating-point). In total, the scheduler can issue up to six and 
retire up to four RISC86 operations per clock. 


The main advantage of the scheduler and its operation buffer is 
the ability to examine an x86 instruction window equal to 12 
x86 instructions at one time. This advantage is due to the fact 
that the scheduler operates on the RISC86 operations in 
parallel and allows the AMD-K6 processor to perform dynamic 
on-the-fly instruction code scheduling for optimized execution. 
Although the scheduler can issue RISC86 operations for 
out-of-order execution, it always retires x86 instructions in 
order. 
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From Decode Logic 


RISC86 #0 RISC86 #1 RISC86 #2 RISC86 #3 


RISC86 Issue Buses 


RISC86 Operation Buffer 


Figure 5. AMD-K6™ Processor Scheduler 


2.6 Execution Units 


Internal Architecture 


The AMD-K6 MMX enhanced processor contains seven 
execution units—store, load, integer X, integer Y, multimedia, 
floating-point, and branch condition. Each unit is independent 
and capable of handling the RISC86 operations. Table 1 details 
the execution units, functions performed within these units, 
operation latency, and operation throughput. 


The store and load execution units are two-staged pipelined 
designs. The store unit performs data writes and register 
calculation for LEA/PUSH. Data memory and register writes 
from stores are available after one clock. The load unit 
performs data memory reads. Data is available from the load 
unit after two clocks. 


The Integer X execution unit can operate on all ALU 
operations, multiplies, divides (signed and unsigned), shifts, 
and rotates. 
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The multimedia unit shares pipeline control with the Integer X 
unit and executes all MMX instructions. 


The Integer Y execution unit can operate on the basic word and 
doubleword ALU operations—ADD, AND, CMP, OR, SUB, 
XOR, zero-extend and sign-extend operands. 


The branch condition unit is separate from the branch 
prediction logic in that it resolves conditional branches such as 
JCC and LOOP after the branch condition has been evaluated. 


Table 1. Execution Latency and Throughput of Execution Units 
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2.7 Branch-Prediction Logic 


Branch History Table 


Branch Target Cache 


Internal Architecture 


Sophisticated branch logic that can minimize or hide the impact 
of changes in program flow is designed into the AMD-K6 MMX 
enhanced processor. Branches in x86 code fit into two 
categories—unconditional branches, which always change 
program flow (that is, the branches are always taken) and 
conditional branches, which may or may not divert program flow 
(that is, the branches are taken or not-taken). Whena 
conditional branch is not taken, the processor simply continues 
decoding and executing the next instructions in memory. 


Typical applications have up to 10% of unconditional branches 
and another 10% to 20% conditional branches. The AMD-K6 
branch logic has been designed to handle this type of program 
behavior and its negative effects on instruction execution, such 
as stalls due to delayed instruction fetching and the draining of 
the processor pipeline. The branch logic contains an 8192-entry 
branch history table, a 16-entry by 16-byte branch target cache, 
a 16-entry return address stack, and a branch execution unit. 


The AMD-K6 processor handles unconditional branches 
without any penalty by redirecting instruction fetching to the 
target address of the unconditional branch. However, 
conditional branches require the use of the dynamic 
branch-prediction mechanism built into the AMD-K6. A 
two-level adaptive history algorithm is implemented in an 
8192-entry branch history table. This table stores executed 
branch information, predicts individual branches, and predicts 
the behavior of groups of branches. To accommodate the large 
branch history table, the AMD-K6 processor does not store 
predicted target addresses. Instead, the branch target 
addresses are calculated on-the-fly using ALUs during the 
decode stage. The adders calculate all possible target addresses 
before the instructions are fully decoded and the processor 
chooses which addresses are valid. 


To avoid a one clock cache-fetch penalty when a branch is 
predicted taken, a built-in branch target cache supplies the 
first 16 bytes of instructions directly to the instruction buffer 
(assuming the target address hits this cache). (See Figure 3.) 
The branch target cache is organized as 16 entries of 16 bytes. 
In total, the branch prediction logic achieves branch prediction 
rates greater than 95%. 
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Return Address Stack The return address stack is a special device designed to 


Branch Execution 
Unit 
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optimize CALL and RET pairs. Software is typically compiled 
with subroutines that are frequently called from various places 
in a program. This is usually done to save space. Entry into the 
subroutine occurs with the execution of a CALL instruction. At 
that time, the processor pushes the address of the next 
instruction in memory following the CALL instruction onto the 
stack (allocated space in memory). When the processor 
encounters a RET instruction (within or at the end of the 
subroutine), the branch logic pops the address from the stack 
and begins fetching from that location. To avoid the latency of 
main memory accesses during CALL and RET operations, the 
return address stack caches the pushed addresses. 


The branch execution unit enables efficient speculative 
execution. This unit gives the processor the ability to execute 
instructions beyond conditional branches before knowing 
whether the branch prediction was correct. The AMD-K6 MMX 
enhanced processor does not permanently update the x86 
registers or memory locations until all speculatively executed 
conditional branch instructions are resolved. When a 
prediction is incorrect, the processor backs out to the point of 
the mispredicted branch instruction and restores all registers. 
The AMD-K6 can support up to seven outstanding branches. 
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3 Software Environment 


This chapter provides a general overview of the AMD-K6 MMX 
enhanced processor’s x86 software environment and briefly 
describes the data types, registers, operating modes, 
interrupts, and instructions supported by the AMD-K6 
architecture and design implementation. 


3.1 Registers 


General-Purpose 
Registers 


Software Environment 


The AMD-K6 processor contains all the registers defined by the 
x86 architecture, including general-purpose, segment, 
floating-point, MMX, EFLAGS, control, task, debug, test, and 
descriptor/memory-management registers. In addition, this 
chapter provides information on the AMD-K6 Model-Specific 
Registers (MSRs). 


Note: Areas of the register designated as Reserved should not be 
modified by software. 


The eight 32-bit x86 general-purpose registers are used to hold 
integer data or memory pointers used by instructions. Table 2 
contains a list of the general-purpose registers and the 
functions for which they are used. 


Table 2. General-Purpose Registers 


[Register/ Function. = 
[#01 | Conmonty sed asa desinaton pointer bythe segment | 
#51 [common used as asouce pointer byte DS segnert | 
a 













Used to point to the stack segment 
Used to point to data within the stack segment 


In order to support byte and word operations, EAX, EBX, ECX, 
and EDX can also be used as 8-bit and 16-bit registers. The 
shorter registers are overlaid on the longer ones. For example, 
the name of the 16-bit version of EAX is AX (low 16 bits of 
EAX) and the 8-bit names for AX are AH (high order bits) and 
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AL (low order bits). The same naming convention applies to 
EBX, ECX, and EDX. EDI, ESI, ESP, and EBP can be used as 
smaller 16-bit registers called DI, SI, SP, and BP respectively, 
but these registers do not have 8-bit versions. Figure 6 shows 
the EAX register with its name components, and Table 3 lists 
the dword (32 bits) general-purpose registers and their 
corresponding word (16 bits) and byte (8 bits) versions. 


31 16 15 8 7 0 


~———$ $$ $$ FAX — ————SSSSSsSsSSSSSSSSSSSSSSSSSFSese/ ss 
ee, | ee 
<——— AX —————— i <a ——_ AL. ——————_ 


Figure 6. EAX Register with 16-Bit and 8-Bit Name Components 


Table 3. General-Purpose Register Dword, Word, and Byte Names 


32-Bit Name 16-Bit Name 8-Bit Name 8-Bit Name 
ewer oe — Bits) a Bits) 
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Integer Data Types Four types of data are used in general-purpose registers—byte, 
word, doubleword, and quadword integers. Figure 7 shows the 
format of the integer data registers. 


Byte Integer 


Word Integer 


Doubleword Integer 


Quadword Integer 
63 


Precision — 
8 Bits 


Precision — 16 Bits 





Precision — 32 Bits 





Precision — 64 Bits 





Figure 7. Integer Data Registers 
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Segment Registers 


| Code segment, where instructions are located 


The six 16-bit segment registers are used as pointers to areas 
(segments) of memory. Table 4 lists the segment registers and 
their functions. Figure 8 shows the format for all six segment 
registers, 


Table 4. Segment Registers 


Segment ‘ ‘ 
Segment Register Function 












Figure 8. Segment Register 


Segment Usage 
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The operating system determines the type of memory model 
that is implemented. The segment register usage is determined 
by the operating system’s memory model. In a Real mode 
memory model the segment register points to the base address 
in memory. In a Protected mode memory model the segment 
register is called a selector and it selects a segment descriptor 
in a descriptor table. This descriptor contains a pointer to the 
base of the segment, the limit of the segment, and various 
protection attributes. For more information on descriptor 
formats, see “Descriptors and Gates” on page 3-25. Figure 9 
shows segment usage for Real mode and Protected mode 
memory models. 


Software Environment 
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Physical Memory 


Segment Base 
See” I 


Segment Selector 


Figure 9. Segment Usage 


Instruction Pointer 


Floating-Point 
Registers 


Software Environment 


Real Mode Memory Mode! 


Descriptor Table 


Physical Memory 






Segment Base 


Protected Mode Memory Model 


The instruction pointer (EJP or IP) is used in conjunction with 
the code segment register (CS). The instruction pointer is 
either a 32-bit register (EIP) or a 16-bit register (IP) that keeps 
track of where the next instruction resides within memory. This 
register cannot be directly manipulated, but can be altered by 
modifying return pointers when a JMP or CALL instruction is 
used. 


The floating-point execution unit in the AMD-K6 MMX 
enhanced processor is designed to perform mathematical 
operations on non-integer numbers. This floating-point unit 
conforms to the IEEE 754 and 854 standards and uses several 
registers to meet these standards—eight numeric 
floating-point registers, a status word register, a control word 
register, and a tag word register. 
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The eight floating-point registers are 80 bits wide and labeled 
FPRO-FPR7. Figure 10 shows the format of these floating-point 
registers. See “Floating-Point Register Data Types” on page 3-8 
for information on allowable floating-point data types. 


79 78 64 63 0 


Significand 





Figure 10. Floating-Point Register 


The 16-bit FPU status word register contains information about 
the state of the floating-point unit. Figure 11 shows the format 
of this register. 


15 1413 12 11 10 9 8 7 6 5 43 2 «1 





Symbol Description Bits 
B FPU Busy 15 
G Condition Code 14 
TOSP Top of Stack Pointer 13-11 
QQ Condition Code 10 
Ci Condition Code 9 
CO Condition Code 8 
ES Error Summary Status 7 
SF Stack Fault 6 

Exception Flags 
PE Precision Error 5 
UE Underflow Error 4 
OE Overflow Error 3 
ZE Zero Divide Error 7 a ee eee aes, 
DE Denormalized Operation Error 1 
IE Invalid Operation Error 0 
TOSP Information 
000 = FPRO 
111 = FPR7 


Figure 11. FPU Status Word Register 
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The FPU control word register allows a programmer to manage 
the FPU processing options. Figure 12 shows the format of this 





register. 
15 141312 11 109 8 7 65 43 2 21 ~0 
psy —» Reserved 
Symbol Description Bits 
Y Infinity Bit (80287 compatibility) 12 
RC Rounding Control 11-10 
PC Precision Control 9-8 
Exception Masks 
PM Precision 5 
UM Underflow 4 
OM Overflow 3 
7M Zero Divide 2 
DM Denormalized Operation 1 
IM Invalid Operation 0 
Rounding Control Information Precision Control Information 
00b = Round to the nearest or even number 00b = 24 bits Single Precision Real 
01b = Round down toward negative infinity 01b = Reserved 
10b = Round up toward positive infinity 10b = 53 bits Double Precision Real 
11b = Truncate toward zero 11b = 64 bits Extended Precision Real 


Figure 12. FPU Control Word Register 


The FPU tag word register contains information about the 


registers in the register stack. Figure 13 shows the format of 
this register. 


15 1413 12 11 109 8 7 65 43 2 «1 «0 


TAG | TAG} TAG | TAG | TAG | TAG |} TAG | TAG 
(FPR7) | (FPR6)} (FPR5) | (FPR4) | (FPR3) | (FPR2) | (FPR1) | (FPRO) 


Tag Values 
00 = Valid 
01 = Zero 
10 = Special 
11 = Empty 






Figure 13. FPU Tag Word Register 
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Floating-Point Floating-point registers use four different types of data— 
Register Data Types packed decimal, single precision real, double precision real, 


and extended precision real. Figures 14 and 15 show the 
formats for these registers. 


79 78 7271 0 


Precision — 18 Digits, 72 Bits Used, 4-Bits/Digit 





| Description Bits 
Ignored on Load, Zeros on Store 78-72 
Sign Bit 79 


Figure 14. Packed Decimal Data Register 


Single Precision Real 3130 23 22 





Double Precision Real 63 62 52 5] 


Biased Suse 
Exponent Significand 






S= Sign Bit 
Extended Precision Real 


79 78 64 63 62 0 


Biased _ 
Exponent Significand 





S=Sign Bit | = Integer Bit 


Figure 15. Precision Real Data Registers 
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MMX™ Registers The AMD-K6 processor implements eight 64-bit MMX registers 
for use by multimedia software. These registers are mapped on 
the floating-point registers. The MMX instructions refer to 
these registers as mmreg0O to mmreg7. Figure 16 shows the 
format of these registers. See AMD-K6™ MMX™ Enhanced 
Processor Multimedia Technology, order# 20726 for more 





information. 
63 0 


a. ee 
ae... 
ee 
a... 








Figure 16. MMX™ Registers 
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EFLAGS Register The EFLAGS register provides for three different types of 
flags—system, control, and status. The system flags provide 
operating system controls, the control flag provides directional 
information for string operations, and the status flags provide 
information resulting from logical and arithmetic operations. 
Figure 17 shows the format of this register. 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 43 2 


ae) | 
A R 0 
prc F r |r 


[| —» Reserved 





Symbol Description Bits 
ID ID Flag 21 
VIP Virtual Interrupt Pending 20 
VIF Virtual Interrupt Flag 19 
AC Alignment Check 18 
VM Virtual-8086 Mode 17 
RF Resume Flag 16 
NT Nested Task 14 
lOPL I/O Privilege Level 13-12 
OF Overflow Flag 1] 
DF Direction Flag 10 
IF Interrupt Flag 9 
TF Trap Flag 8 
SF Sign Flag 7 
ZF Zero Flag 6 
AF Auxiliary Flag 4 
PF Parity Flag 2 
CF Carry Flag 0 


Figure 17. EFLAGS Registers 
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Control Registers The five control registers contain system control bits and 
pointers. Figures 18 through 22 show the formats of these 
registers. 
31 7654321 0 





[ —» Reserved 


Symbol Description Bit 
MCE Machine Check Enable 6 
PSE Page Size Extensions 4 
DE Debugging Extensions 3 
TSD Time Stamp Disable 2 
PVI Protected Virtual Interrupts 1 
VME Virtual-8086 Mode Extensions 0 


Figure 18. Control Register 4 (CR4) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 2 «1 «0 


Page Directory Base 





ae —» Reserved 


Symbol Description Bit 
PCD Page Cache Disable 4 
PWT Page Write Through 3 


Figure 19. Control Register 3 (CR3) 


Page Fault Linear Address 





Figure 20. Control Register 2 (CR2) 
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3] 0 


Reserved 


Figure 21. Control Register 1 (CR1) 


Symbol Description Bit 
PG Paging 3] 


cD Cache Disable 30 
| NW Not Writethrough 29 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12: 1110 9 8 7 6 5 432 «1 «0 





[na —» Reserved 


Symbol Description Bit 
AM Alignment Mask 18 
WP Write Protect 16 
NE Numeric Error 5 
ET Extension Type 4 
TS Task Switched 3 
EM Emulation 2 
MP Monitor Co-processor 1 

0 


PE Protection Enabled 


Figure 22. Control Register 0 (CRO) 
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Debug Registers Figures 23 through 26 show the 32-bit debug registers 


supported by the processor. 


Symbol Description Bits 
LEN 3 Length of Breakpoint #3 31-30 
RW3 Type of Transaction(s) to Trap 29-28 
LEN 2 Length of Breakpoint #2 * 27-26 


RWW 2 Type of Transaction(s) to Trap 25-24 


LEN 1 Length of Breakpoint #1 23-22 
RW | Type of Transaction(s) to Trap 21-20 
LEN 0 Length of Breakpoint #0 19-18 
M RW0 Type of Transaction(s) toTrap 17-16 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1615 14 13 12 1110 9 8 7 6 5 43 2 0 


ne Bu a L{LIGILIGIL 
2/2;17170]70 


| —» Reserved 


Symbol Description B 


ma 
mre 
wre 





i 


CD General Detect Enabled 13 
GE Global Exact Breakpoint Enabled 9 
LE Local Exact Breakpoint Enabled 8 
G3 Global Exact Breakpoint #3 Enabled 7 
13 Local Exact Breakpoint # 3 Enabled 6 
G2 Global Exact Breakpoint #2 Enabled 5 
L2 Local Exact Breakpoint # 2 Enabled 4 
Gl Global Exact Breakpoint #1 Enabled 3 
| Local Exact Breakpoint # 1 Enabled 2 
GO Global Exact Breakpoint #0 Enabled 1 

LO Local Exact Breakpoint # 0 Enabled 0 


Figure 23. Debug Register DR7 
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 2 «1 «0 





[] is Reserved 


Symbol Description 
BT Breakpoint Task Switch 
BS Breakpoint Single Step 
BD Breakpoint Debug Access Detected 
B3 Breakpoint #3 Condition Detected 
B2 Breakpoint #2 Condition Detected 
Bl Breakpoint #1 Condition Detected 
Bo Breakpoint #0 Condition Detected 


Figure 24. Debug Register DR6 


DR5 


13 


0 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 2 «1 «0 





DR4 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 43 2 1 «0 





Figure 25. Debug Registers DR5 and DR4 
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DR3 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 1211 10 9 8 7 6 5 43 2 1 0 


Breakpoint 3 32-bit Linear Address 





DR2 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 43 2 1 «0 


Breakpoint 2 32-bit Linear Address 





DRI 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 43 2 «21 «0 


Breakpoint 1 32-bit Linear Address 





DRO 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1413 12 1110 9 8 7 6 5 43 2 1 «0 


Breakpoint 0 32-bit Linear Address 





Figure 26. Debug Registers DR3, DR2, DR1, and DRO 
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Model-Specific 
Registers (MSR) 


The AMD-K6 MMX enhanced processor provides seven MSRs. 
The value in the ECX register selects the MSR to be addressed 
by the RDMSR and WRMSR instructions. The values in EAX 
and EDX are used as inputs and outputs by the RDMSR and 
WRMSR instructions. Table 5 lists the MSRs and the 
corresponding value of the ECX register. Figures 27 through 33 
show the MSR formats. 


Table 5. Model-Specific Registers (MSRs) 


[dee epiter [ve of] 


Write Handling Control Register (WHCR) 


For more information about the RDMSR and WRMSR 
instructions, see the AMD K86™ Family BIOS and Software Tools 
Development Guide, order# 21062. . 

















MCAR and MCTR. The AMD-K6 processor does not support the 
generation of a machine check exception. However, the 
processor does provide a 64-bit Machine Check Address 
Register (MCAR), a 64-bit Machine Check Type Register 
(MCTR), and a Machine Check Enable (MCE) bit in CR4. 
Because the processor does not support machine check 
exceptions, the contents of the MCAR and MCTR are only 
affected by the WRMSR instruction and by RESET being 
sampled asserted (where all bits in each register are reset to 0). 


Figure 27. Machine-Check Address Register (MCAR) 
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4 0 
MCTR 


a 
Ww 
wm 


[| —» Reserved 


Figure 28. Machine-Check Type Register (MCTR) 


Test Register 12 (TR12). Test register 12 provides a method for 
disabling the L1 caches. Figure 29 shows the format of TR12. 


63 43 2 1 0 


eter 


Symbol Description Bit | 
[J+ Reserved Cr Cachet 3 
Figure 29. Test Register 12 (TR12) 


Time Stamp Counter. With each processor clock cycle, the 
processor increments the 64-bit time stamp counter (TSC) 
MSR. Figure 30 shows the format of the TSC. 


TSC 


Figure 30. Time Stamp Counter (TSC) 
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Extended Feature Enable Register (EFER). The Extended Feature 
Enable Register (EFER) contains the control bits that enable 
the extended features of the AMD-K6. Figure 31 shows the 
format of the EFER register, and Table 6 defines the function 
of each bit in the EFER register. 





Symbol Description Bit | 
[Eee] —> Reserved SCE System Call Extension 0 


Figure 31. Extended Feature Enable Register (EFER) 


Table 6. Extended Feature Enable Register (EFER) Definition 


pa [ein [aw 
et [ied 
an cea os —— Pa 


SYSCALL Target Address Register (STAR). The SYSCALL Target 
Address Register (STAR) contains the target EJP address used 
by the SYSCALL instruction and the 16-bit selector base used 
by the SYSCALL and SYSRET instructions. Figure 32 shows 
the format of the STAR register, and Table 7 defines the 
function of each bit of the STAR register. 









63 48 47 32 31 0 


en CS Selector ly SS Selector Target EIP Address 


[oe] —+» Reserved 


Figure 32. SYSCALL Target Address Register (STAR) 
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Table 7. SYSCALL Target Address Register (STAR) Definition 


Tat [descipion [mw 
ree [ised ——SSSC=~d CR 


Write Handling Control Register (WHCR). The Write Handling Control 
Register (WHCR) is a MSR that contains three fields—the 
Write Allocate Enable Limit (WAELIM) field, the Write 
Allocate Enable 15-to-16-Mbyte (WAE15M) bit, and the Write 
Cacheability Detection Enable (WCDE) bit. Figure 33 shows the 
format of WHCR. See “Write Allocate” on page 8-7 for more 


information. 
8 0 
WwW 
id : 
5 WAELIM 
5 
E M 







63 





[| —»> Reserved 


Symbol Description Bits 
WCDE Write Cacheability Detection Enable 8 


WAELIM — Write Allocate Enable Limit 7-1 
WAE15M_— Write Allocate Enable 15-to-16-Mbyte 0 





Note: Hardware RESET initializes this MSR to all zeros. 


Figure 33. Write Handling Control Register (WHCR) 


Memory The AMD-K6 MMX enhanced processor controls segmented 
Management memory management with the registers listed in Table 8. 
Registers Figure 34 shows the formats of these registers. 


Table 8. Memory Management Registers 


Register Name | umction 


Global Descriptor Table Register i i 






Contains a pointer to the base of the Global Descriptor Table 


Interrupt Descriptor Table Register | Contains a pointer to the base of the Interrupt Descriptor Table 
Local Descriptor Table Register Contains a pointer to the Local Descriptor Table of the current task 


Contains a pointer to the Task State Segment of the current task 






Task Register 
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Global and Interrupt Descriptor Table Registers 
47 16 15 0 


32-Bit Linear Base Address 16-Bit Limit 





Local Descriptor Table Register and Task Register 


15 0 
7 
63 32 31 0 


32-Bit Linear Base Address 32-Bit Limit 





15 0 
Attributes 


Figure 34. Memory Management Registers 
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Task State Segment Figure 35 shows the format of the Task State Segment (TSS). 
3) 0 
TSS Limit 
eae from TR 
| |/O Permission Bitmap (IOPB) 
(up to 8 Kbytes) ; 


Interrupt Redirection Bitmap (IRB) 


(eight 32-bit locations) 





Operating System 
Data Structure 









Tc 
es 
ee 
| 
es 
00) 
0006 


EDI 
ESI 
EBP 
ESP 
EBX 
EDX 
ECX 
EAX 
EIP 
CR3 


es 
oo SOSOSOSOSSCS* 
era: ES 
ch ee 

ESP2 t 

woh 
OCS 
5 : 
ae eee ee 
[ooh a or Sec) —_—_| 


2 Rrra OE RNR A NS RR NR NEE aN ROAR OAR AN UREN 


Figure 35. Task State Segment (TSS) 
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Paging The AMD-K6 MMX enhanced processor can address up to 4 
Gbytes of memory. This memory can be segmented into pages. 
The size of these pages is determined by the operating system 
design and the values set up in the Page Directory Entries 
(PDE) and Page Table Entries (PTE). The processor can access 
both 4-Kbyte pages and 4-Mbyte pages, and the page sizes can 
be intermixed within a page directory. When the Page Size 
Extension (PSE) bit in CR4 is set, the processor translates 
linear addresses using either the 4-Kbyte Translation 
Lookaside Buffer (TLB) or the 4-Mbyte TLB, depending on the 
state of the page size (PS) bit in the page directory entry. 
Figures 36 and 37 show how 4-Kbyte and 4-Mbyte page 
translations work. 


4-Kbyte 
Page Page Page 
Directory Table Frame 











Physical 
Address 


Page Directory Page Table Page 
Offset Offset Offset 


Linear Address 






Figure 36. 4-Kbyte Paging Mechanism 
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4-Mbyte 
Page 
Frame 







Page 
Directory 


Physical 
Address 


31 0 
Page Directory Page 
Offset Offset 
Linear Address 
Figure 37. 4-Mbyte Paging Mechanism 


Figures 38 through 40 show the formats of the PDE and PTE. 
These entries contain information regarding the location of 
pages and their status. 
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31 2111098765 423210 


Page Table Base Address 








ymbol Description Bits | 
AVL Available to Software 11-9 

Reserved 8 
PS Page Size 7 
Reserved 6 
A Accessed 5 
PCD Page Cache Disable 4 
PWT Page Writethrough 3 
u/S User/Supervisor 2 
WR Write/Read 1 
P Present (valid) 0 


Figure 38. Page Directory Entry 4-Kbyte Page Table (PDE) 


31 22 2) 2.311109 8 7 6 5 43 2 1 


P 


onwv 





ymbol Description | 
AVL Available to Software 11-9 

Reserved 8 
PS Page Size 7 
Reserved 6 
A Accessed 5 
PCD Page Cache Disable 4 
PWT Page Writethrough 3 
U/S User/Supervisor 2 
W/R Write/Read 1 
P Present (valid) 0 


Figure 39. Page Directory Entry 4-Mbyte Page Table (PDE) 
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1211109 8 7 65 43 2 1 «0 


Physical Page Base Address 





Symbol Description Bits | 
AVL Available to Software 11-9 
Reserved 7 


8 

D Dirty 6 

A Accessed 5 

PCD Page Cache Disable 4 
PWT Page Writethrough 3 
u/s User/Supervisor 2 
W/R Write/Read 1 
P Present (valid) 0 


Figure 40. Page Table Entry (PTE) - 


Descriptors and Gates 


Software Environment 


There are various types of structures and registers in the x86 
architecture that define, protect, and isolate code segments, 
data segments, task state segments, and gates. These structures 
are called descriptors. 


Figure 41 on page 3-26 shows the application segment 
descriptor format. Table 9 contains information describing the 
memory segment type to which the descriptor points. The 
application segment descriptor is used to point to either a data 
or code segment. 


Figure 42 on page 3-27 shows the system segment descriptor 
format. Table 10 contains information describing the type of 
segment or gate to which the descriptor points. The system 
segment descriptor is used to point to a task state segment, a 
call gate, or a local descriptor table. 


The AMD-K6 MMX enhanced processor uses gates to transfer 
control between executable segments with different privilege 
levels. Figure 43 on page 3-28 shows the format of the gate 
descriptor types. Table 10 contains information describing the 
type of segment or gate to which the descriptor points. 
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Symbol Description Bits 
G Granularity 23 
D 32-Bit/16-Bit 22 
AVL Available to Software 20 
P Present/Valid Bit 15 


DPL Descriptor Privilege Level 14-13 
DT Descriptor Type 12 
| [~ Type See Table 9 11-8 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12: 1110 9 8 7 6 5 432 1 «0 


A 
G V Segment DPL Type Base Address 23-16 
L Limit 


Base Address 15-0 Segment Limit 15-0 


Figure 41. Application Segment Descriptor | 
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Table 9. Application Segment Types 


ee 


Read/Write —Expand-down 


a 
ey 
Ea) 
pees 
es 
ez 
Pas 
fee 
om 
LE 






















Code 
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Symbol Description Bits 
G Granularity 23 
X Not Needed 22 
AVL Availability to Software 20 


P Present/Valid Bit 15 


= —> Reserved DPL Descriptor Privilege Level 14-13 
— DT Descriptor Type 12 
| ie Type See Table 10 11-8 


3] 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12: 1110 9 8 7 6 5 43 2 «1 «0 


A 
L Limit 





Base Address 15-0 Segment Limit 15-0 





Figure 42. System Segment Descriptor 


Table 10. System Segment and Gate Types 


ze 






Reserved 


ened 
3 [uy eT 
va [reticle | 
Cs etitinerprcae | 
Ts [Resened 
2 [vale —_| 
8 [buys =| 
Cb [Resened i 
TE [septicemia | 
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Symbol Description Bits 
P Present/Valid Bit 15 


[| —» Reserved DPL Descriptor Privilege Level 14-13 
DT Descriptor Type 12 
| Type See Table 10 _ 118 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11: 10 9 8 7 6 5 43 2 1 «0 


Offset 15-0 





Segment Selector 





Figure 43. Gate Descriptor 


Exceptions and Table 11 summarizes the exceptions and interrupts. 
Interrupts 


Table 11. Summary of Exceptions and Interrupts 


asec | me 
[0 [bade by Zero Eror BNL IOW 
Debug trap or fault 



















= 
za 


| 

| 10 | Invalid Tss Task switch to an invalid segment 

Fou | Segment Not Present _| Instruction loads a segment and present bit is 0 (invalid segment) 

Stack Segment Stack operation causes limit violation or present bit is 0 
: : 





General Protection Segment related or miscellaneous invalid actions 
Page Fault Page protection violation or a reference to missing page 
Floating-Point Error Arithmetic error generated by floating-point instruction 


Alignment Check ae to an unaligned operand. (The AC flag and the AM bit of CRO are 


0-255 | Software Interrupt INTn 
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3.2 Instructions Supported by the AMD-K6™ Processor 


Software Environment 


This section documents all of the x86 instructions supported by 
the AMD-K6 MMX enhanced processor. The following tables 
show the instruction mnemonic, opcode, modR/M byte, decode 
type, and RISC86 operation(s) for each instruction. Tables 12 
through 14 define the integer, floating-point, and MMX 
instructions, respectively. 


The first column in these tables indicates the instruction 
mnemonic and operand types with the following notations: 


reg8—byte integer register defined by instruction byte(s) or 
bits 5, 4, and 3 of the modR/M byte 


mreg8—byte integer register defined by bits 2, 1, and 0 of 
the modR/M byte 


reg16/32—word and doubleword integer register defined by 
instruction byte(s) or bits 5, 4, and 3 of the modR/M byte 


mreg16/32—word and doubleword integer register defined 
by bits 2, 1, and 0 of the modR/M byte 


mem8&—byte integer value in memory 

mem16/32—word or doubleword integer value in memory 
mem32/48—doubleword or 48-bit integer value in memory 
mem48—48-bit integer value in memory 

mem64—64-bit value in memory 

imm8&—8-bit immediate value 

imm16/32—16-bit or 32-bit immediate value 

disp8—8-bit displacement value 

disp16/32—16-bit or 32-bit displacement value 
disp32/48—doubleword or 48-bit displacement value 
eXX—register width depending on the operand size 
mem32real—32-bit floating-point value in memory 
mem64real— 64-bit floating-point value in memory 
mem80real—80-bit floating-point value in memory 
mmreg—MM<X register 

mmreg1—MMxX register defined by bits 5, 4, and 3 of the 
modR/M byte 

mmreg2—MM<X register defined by bits 2, 1, and 0 of the 
modR/M byte 
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The second and third columns list all applicable opcode bytes. 


The fourth column lists the modR/M byte when used by the 
instruction. The modR/M byte defines the instruction as a 
register or memory form. If modR/M bits 7 and 6 are documented 
as mm (memory form), mm can only be 10b, 01b or 00b. 


_ The fifth column lists the type of instruction decode—short, 
long, and vector. The AMD-K6 decode logic can process two 
short, one long, or one vector decode per clock. 


The sixth column lists the type of RISC86 operation(s) required 
for the instruction. The operation types and corresponding 
execution units are as follows: 

load, fload, mload—|load unit 

store, fstore, mstore—store unit 

alu—either of the integer execution units 

alux—integer X execution unit only 

branch—branch condition unit 

float—floating-point execution unit 

meu—multimedia execution unit for MMX software 


limm—load immediate, instruction control unit 


Table 12. Integer Instructions 


Instruction Mnemonic First | Second | ModR/M | Decode 
Byte | Byte Byte Type 


RISC86" 
Opcodes 
a 







[| 
[AOC memtsf2,reigise ‘| tah | 
mh 
jah [| mone | shor 
ee 
ec 
feel 







_ 
WG 
= 


ADC reg16/32, mreg16/32 : 


ADC regi6/32,mem16/32. 
ADC AL, imms 14h 
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Table 12. Integer Instructions (continued) 


POC inmiss? BR |__| wowom | ston [aw 
[AOCmvegs imme | ath |_| i100 | shot [atx ———_—d 
Fmt | Tong [oad a sore 
irate [stor fa 
navn | Tong_|oad ab ore 
ih 
ah 







foe) es] 
— So 












ADD mem16/32, reg16/32 


ADD reg8, mreg8 


ol; o o 
N] — oS 
s| = = 


oO 
N 
2 


sor 
stor [au 
shot [ale 
shot_[alu 
P0000 [ short [al 

Tong [lead a sore 
wd 


ax 
au 
ax 
at 


ADD reg8, mem8 
ADD reg16/32, mreg16/32 
ADD reg16/32, mem16/32 








ol o 
WN] Ww 
a| a 


co 
f=) 
= 


ADD AL, imm8 


oOo 
wm 
= 


ADD EAX, imm16/32 
ADD mregg, imm8s 


co 
oS 
= 


a 


11-000-xx | sho 


ADD mems, imms 
ADD mreg16/32, tmm16/32 
ADD mem16/32, imm16/32 


foo) 
_ 
= 


eh 
ah 


AND EAX, imm16/32 


NN 
oa} Oo 
oj a= 


NPENL NIE NPN) Nm] Nt Ny 

UM} pl Alay no}, rn] |] = 

a ee a 
n wn 
=> => 
=) (=) 
a rs 


Software Environment 
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Byte | Byte Byte Type Opcodes 
[AND regs immé————~+| ath |_| ioowm | ston [aim 
FANDimemd, mm’ | 80h | | mm-100-ne| Tong ood aux store 
[AND regio immigisa | eth |__| W-100%0q | short [alu 
AND mreg16/32, immé8 (signed ext.) | 11-100-xxx | short faux 
AND mem16/32, imms (signed ext.) | 83h mm-100-xxx| long | load, alux, store | 
ARPL mreg16, reg16 fvector{ 
ARPL mem16, reg16 vector} 
BOUND Pear [ 
BSF reg16/32, mreg16/32 | vector} 
ae ee 
ee teeta 
Ee ete ee tel 


Table 12. Integer Instructions (continued) 


















a 
WG 
=> 


Oo} nan] a 
Tm) N] Ww 
SS a| => 
w 
Qa 
as 


BSF reg16/32, mem16/32 
BSR reg16/32, mreg16/32 
BSR reg16/32, mem16/32 
BSWAP EAX 


a 
SSWAP EB om | oh | —* tng fa 
Tone 


BSWAP ESP 

BSWAP EBP 

BSWAP ESI 

BSWAP EDI 

BT mreg16/32, reg16/32 
BT mem16/32, reg16/32 
BT mreg16/32, imms 

BT mem16/32, imm8 

BTC mreg16/32, reg16/32 
BTC mem16/32, regi6/32 
BTC mreg16/32, imm8 
BIC mem16/32, imm8 
BIR mreg16/32, regi6/32 
BIR mem16/32, reg16/32 
BTR mreg16/32, imm8 
BTR mem16/32, imm8s 


o|}o 
m1|/ 7 
EE 
wl\| oa 
O/a 
a 


=) 
ben ws | 
= 
ive) 
9 
= 


Oo 
7m 
= 
im) 
fer) 
> 


oO 
7 
= 
im) 
im) 
a 


o 
n 
>= 
(om) 
m 
= 


ong 
[Tong 
ra 
Decor f 
ede [— 
sh_[ Tow [vedo | 
riewox [vedor[ 
ah_[ W106 [vedor | 
Bah [mnie | vedor [| 


o 
al 
=: 
(a) 
| 
= 


o|o 
m/m 
ha 2 
> 
wG 
=> 


313 
3|8 
a a 2 
wo 
Sad Bond Ret 
oe a oe 2 


3 
3 


oOo 
TT 
= 
wo 
wo 
7 


oQ1o|/o!1o 
mm) m|mjm 
od 
wy w| wv wv 
S| P| a 
Sa => 


wo 


o|]|o 
1) “1 
o| as 
wo 
WG 
=> 


oO 
71 
a 


=) 
“TI 
=> 
(a) 
i=] 
= 
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Table 12. Integer Instructions (continued) 


sega ra [mh [aah | Tao [vor [ 
Sinem rps [ FARA [meno | vecer [| 
BTS mregi6/32, imm8 BAh | 11-101-0« | vector | 
a5, Taner vetor | —_ 
CAL fl poe ee 1 
CALL near imm16/32 [ee short [store = 
CALL near mreg32 (indirect) | 11-010-0« | vector | 
CALL near mem32 (indirect) |mm-010-0«| vector | 


CBW/CWDE EAX 
[or 
ea 













wolo 
7 
38 


m 
Cc 
= 


mn 
mn 
E 


worn 
o| m7 
— i 






7 
ar 
= 


a 
7 
oo 
E 


w 
ite) 
= 


CL 


a ech || _[veror 
au ra [vector 


CLTS 

CMC 

CMP mreg8, reg8 

CMP memé, reg8 

CMP mreg16/32, reg16/32 

CMP mem16/32, reg16/32 

CMP reg8, mreg8 

CMP reg8, mem8 

CMP reg16/32, mreg16/32 

CMP reg16/32, mem16/32 

CMP AL, imm8 

CMP EAX, imm16/32 

CMP mregs, imm8 

CMP memé, imm8s 

CMP mreg16/32, imm16/32 

CMP mem16/32, imm16/32 

CMP mreg16/32, immé (signed ext.) 
CMP mem16/32, imm8 (signed ext.) 
CMPSB mem8,mem8s 

CMPSW mem16, mem32 


oO 
E 


—n 
wm 
= 


11 
a 
Fred 
short 
1 a 


WG 
co 
=> 


a! 
a 
Pedor[ 
a 
Cl 


1- h 

Trewex [shot [alu 
Prewox | shot fale 
Prrpaox | show [aly 
manson | shor 
Poin | show [ale 


Peeaeme | short [aly 
Paice [shor al 
Famine stor [load atx | 
Tei 
[nn 





Ww 
wo 
7 


Wy WG 
sis 
a 
wn 
s 
o 
Ei 


3 
3 


GW 
wo 
=> 
rv) 

a 


Ww 
a 
= 
wn 

= 
° 

a 


M2) 
= 
Oo 
p= 5 


© 
i=) 
=> 
wn 

a 


sho 


short | load, alu 
Prete [ong [oad 


a 


joe) 
_ 


3 


Ww 
Oo 
_ 


> 
NS 
> 
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Table 12. Integer Instructions (continued) 


hictfuchon Naemonie First | Second | ModR/M | Decode RISC86* 
Byte | Byte Byte Type Opcodes 
CHPSD mem, ems pam |p _fveorf 
CMPRCHG eg, re rom | Boh] Tomo [vector [| 
CMPRCHC mem, reg aFh [Boh | mmnorno | vedor | 
CMPYCHG regi 6/2, regle32 [tiowea [vector fC _—* 












3/3 
sa | =a 
wo 
— 
= 


Finmocoa | vedor | 
[Treen [vedor[ 
erate 
Ce 
pce SCSC~*” 


o 
7 
= 
io) 
~ 
= 






o 
an | 
= 
a 
~l 
_ 
< 
Oo 
A 
(=) 
= 



























oO 
ma 
3{3| 









NO 
~ 
= 


DEC EAX 


iG 
E 


3 
TI 


> 
wo 
= 


> 
mm 
= 


> 
an! 
=a 


ror [vedo f 
FmooTar|_ long [ead ain sore | 
Piraote [vedo | 
Frm-aotaar| long [load ata sore | 


1/7 
v1) 7 
2 


m7 
fon) 
a 


nn) m7 
mw] OD 
s| =a 


Pel 
a| a 
a 


é" 
a 
= 


nym 
a te 
EE 


=. 


ala 
m)m 
i 
_ 
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Table 12. Integer Instructions (continued) 


First | Second | ModR/M | Decode RISC86* 
IMUL reg16/32, mem16/32, imm16/32 SS 
IMUL reg16/32, imms (sign extended) ) | 6Bh | | texan | vector | 


IMUL reg16/32, mreg16/32, imms 6Bh esoncea.: (vector 
(signed) 

IMUL reg16/32, mem16/32, imm8 

(signed) 






vector 


fo) 
wo 
=> 

































IMUL AX, AL, mreg8 Féh W1-101-xx | vector | 


Pii-torae [vecor[ 
Fran-iotva | vector | 
a 
Fimo | vecor[ 
i a cc 
| stor fat 


A 
INC EAX 


INC EBX 
INC ESP 


NBER stor dope 


nN 
~ 
3 


A 
2 


= 


a 


> > o;io 
~ > ban | 
a => s| = 


SENSE N DSN SEO] OG] mi mi a] mm 
ws] a} oT Bin] | | OO] nm] ma] mm] mi] m 
fe ee 
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Table 12. Integer Instructions (continued) 


SE 
NSshor sph Tah | hot [ranch 
TPEshot dips Tah [|| hot [ranch 
meh [| sot [branch 
IVINGE sho dp | stor [ranet 
JNL/JGE short disp8 
JLE/JNG short disp8 
JNLE/JG short disp8 
JCXZ/JEC short disp8 |vector| 
JO near disp16/32 
JNO near disp16/32 8ih | =| short |branch 
JB/JNAE near disp16/32 oFh | 82h | ——s|_ short [branch 
NBA ear p62 comm | eh |_| shor [ranch 
TD near spt [om [aah [ | shor [ranch 
NZ/JNE near disp16/32 OFh } ash | =| short |branch 
BINA near dsp Com [o6h_[ [stort [ranch 
INGE near dsp rom [am |__| shor [Branch 
ear dpe strane J 

stor [ranch 










| 
— a 


~ 
mm 
= 















— 
~ 
3| a] 33 
=a oo) Se = 
ao 
i= 
= 


he 


=| Z/= S/Z/K/Z2(/E/ 2/ Sl 2/5 os 
=| 25 S/F) 2) 2/5) S5/S)4 
at| ar] 2 s|£/ 2) 5/4] Si mlz 
Sala A 
a|QO)] O| mim! ol|lsa|ag 
3/3/13 a om | 
(oe) Sl/S1/S/2/3iala 
oO 1 S| os ai alral oa; alain! &> 
3/2\/a al|oel|oalalal es a 
als owjt{/a/2/2/32/2/s 
NB} NO} S s|&| 2) 2) )a/S) a 
AL nA] L ATL nT Go 
aloajic GlSis|(sl/sISl ala 
2/2. NOM mall Ot mell Et —edl mel a 
B.| & Z|2) 2/82 a/e 
ola AQ} NWN] WN] Ww) Ww 
a/o9 S)MI MPM) MI np 
o|S ra) 
a 
° 
=> 
co | o 
wo | © 
>> 


o 
— 
> 
@ 
> 
=> 


OFh 8Ch short | branch 
short } branch 


oO 
= 


oO 

mn 

=> 

c [o°) 
™/ mi O 
{aisle 


8 branch 
OFh branch 
i branch 
IMP ar dip] red) re] [eto f 
rea] ston [ranch 
pe [| ieoton [vedor| 
eri | ___[rmmtoivox| vedor | 
JMP near mregi6/32 (indirect) FFh | | tn-100-0x | vector} 
rmetooana [vector [i 
eto 


pan 
= 


Ne 
= 
~~ 
=] 
@m 
Q 
= 
3 
it*) 
3 
— 
a 
a 
nN 
= 
3 
a 
= 
@ 
a 
ban | 
71 
= 
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Table 12. Integer Instructions (continued) 


; ' First | Second | ModR/M | Decode RISC86* 

TAR regis, mregi6l [ori [oan | Trwoome [vedor | 
LA regi 6/2, emf yf [ooh | mmenon | vecor| = 
LDS regi, mems2/ rsh |_| mimnoono | vedor [=| 
LEA regi, mem adh |__| mmnacno | short [loathe | 
LEAVE | | dong load, alu, alu 

LES reg16/32, mem32/48 IMM-XXX-XXX |vector| 
LFS egl632, memS2/a Pfvecor[ 









gi 
to 
=> 





i) 
— 
= 








































oOo 
= 
= 


frmoios vedor |=” 
Bh 


f=) 
mn 
3 


wO!;lo}]o 
N] WI Ww 
a 


oO} o 
1/7 
| a 


rmaatioar| vedor | 


| long | load, alux 


load, alu 


Pere Tlad a 


oOo 
T1 
= 


oO; oOo 
71) 7 
aja 


a| S 
sj) Ss 


> 
oO 
= 


| 2 
>| 3 


~ 
=a 


oO; o;o!;m 
a) nm} om) © 
ae ee 28 oe 


oS 
naa 
3 


oO 
a 
= 


11-Xxx-xxx | short 


11-Xxx-xxx | short alu 
Frmeenexae | shor |store 
[iawoena | shor fax =| 
Pmmecoeene| shor [load 

au 
load 


Ce 
Cc 
—_ 


[es) 
Cc 
E 


co] © 
Wl] © 
sas 


cl}! co 
EB 
a 


fo) 
wo 
= 
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Table 12. Integer Instructions (continued) 


fistructow Rineinanié First | Second | ModR/M- | Decode RISC86* 
Byte | Byte Byte Type Opcodes 
MOWmregTe segmentreg | ach |__| Trawoan | tong [od _—* 


[MOVmemi6,sepmentres | Ch | | mmonocma| ear |_| 
ah |_| Homomm [vecor[ 






n 
= 
o 








a 


sho 


jot fu 


short | load, alu 


3 

Z 

[—] 

S 

oO 

g 
n 
= => 
{=) Oo 

i 

(=) 

= 

@ 
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Table 12. Integer Instructions (continued) 


Byte | Byte Byte Type Opcodes 

MOV regs, mregié | OFM |B | Vimeo | show fay 
MOvExreg6(s2,mrege | of [Beh | tioowna | shot [alu =| 
[MOVEXregt6(a2, meme | oFh | Beh_| mmouena | shot [loathay 
[Movextegs2,mregis | of | 87h | tiomvox | show [au 
fMULALmregs i oH] CNNOOomm | veo | 
[MULAL,mems | Feh |__| mmtO0>m| veaor | 
[MULEA mregiof2 «| [tome | veer | = 
MUL EAR, memi6/32 Fin |__| mmetO0%a | vector 
INeGmregs «Roh | (| Otten | show fale 
NeGmeme———«d || iow | vector | 
NeGmwegioz———SS*STH | —_—* OV | show fa 
[NEGmemigsa «TH | morn | vecor | 
NOP GCHGAR AD «som TY shoe fim 
[NOTmegs «i Re —«d OVO sho faux | 
[NoTmems «| «mm oto vector | 
NOTmegi@s2 (|| toon | shor fae 
[NOTmemigfse———* || moro | vector | | 
fORnregs reg «d(H | _—* Comm | shor fax | 
fORmems,regs————~« oh |__| mmaooxu | Tong [load aay store 
OR regs, reg16/32 Foam |_| ttommcon shot [aie 
[OR memi6/,regi@/32 | 09 |_| mmenooma | tong [load aly store 
fORreg®, megs =| | —*| mc | show faim | 
[ORregG, meme =i OAR |__| mmenooca [shor [load aiax 
foRregies2,mregi@s2 | ooh |__| Tawewn | shot fay 
foRregi6/s2,memi6gs2 | oBh |__| mmomoexa | shor [load ais ————| 
foRALimmé «i Oh |_| ven | shor fax =| 
aD 
foRmrege,imms—————~+| oh 

[ORmeme,imme | 60h | | moore | tong [lod aia store 
[oR mreg6f32,immiea | 8th | 

ath |_| mm00rem | Tong [load aa, store 





































_ 
% 
5 
s 
Ei 
a 
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Table 12. Integer Instructions (continued) 


inetiuction Macionie First | Second | ModR/M | Decode RISC86* 
Byte |} Byte Byte Type Opcodes 
ORimregies2, mms Gignedet) | ash |__| Tro0twm| shot [ae 


[OR me6/2,imm6 ignedext) | 65h | | mmabivor] long_|oad am sore | 
ors] eee? 












POP EBX 
POP ESP 
POP EBP 5Dh 
POP ESI! 5Eh 
POP EDI 


B 


wm 
a 


wn 
EE 
as 
n 
= 
a 


sor 
son 


short | load, alu 


| 
| 

) load, alu 
| 


ih [vedo 
Pvedor[ 
Pvedor[ 
oh Fedor 
7 
cada 

hon 
pore 

pores 

pore 

Por, 


= 







a; co}; wu 
1|/ mj) ™m 


POP mreg short | load, alu 
POP mem mm-000-xxx load, store, alu 
POPA/POPAD vetor| 


POPF/POPFD 
PUSH ES 
PUSH CS 
PUSH FS 
PUSH GS 
PUSH SS 
PUSH DS 
PUSH EAX 
PUSH ECX 
PUSH EDX 
PUSH EBX 
PUSH ESP 
PUSH EBP 
PUSH ESI 
PUSH EDI 


wo 
=] 
= 


load, store 


vector 


vector 
shor 
short [store 
hot 
ot [store 
shor 
hot 
store 
store 


w o;/o;o/|o 
(=) al) ay} min 
>| > >| > 
a!|o wo| = 
>| > >> 
wn 
= 
° 
4 


wo 
—_ 
= 







wy) uw Lo a 
Hl} n WIN 
=>|> a, => 
min 

= 

° 

- 






sh 


wn 
~ 
= 
=) 

oa 


A 
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Table 12. Integer Instructions (continued) 

Byte | Byte Byte Type Opcodes 
pusmimme ————SSSS*i || «Cg ‘tore 
pustimmigyse =i; aT] «dt |store 
pusmregigs2 | FR || Vitro] veaor] 
[pusHmemigsa | FR |__| mrt 10m | Tong |oadstore 
oh { | —‘fvedor[ 
pusheyPusweD ~~ ach || <i veto) 
Gh _[ Waiome [vedor [| 
coh __[mmoroome| veaor| | 
[RcLimregiofsz,inme = Cth | —* -otowm | vemor | 
ci | __[mm-otowur| vecor | —* 
Do |_| diem [vecor| i 
jRckmem@ 1 «(| DOP —*drmm me | veaor | 
ReLmegi.t | Dh || atom [ vemor | 
Din |__| moron | vedor | | 
fReLmregs «i Dah] OTe | veaor | 
fRedmem@C——«i (Dah |r| emo | 
fRetmregigfsa,*d | —*id Om | veaor | i 
Dan | __[mmoiowm| veoor | 
FRR regs imme ———————* COR |_| WOT | vedor | 
co | __[mm-otisox | vecor| = 
ci[ | Warren [vector [ 
[RCRmemigf2,imms ‘| Ch |__| mmoriaw| veaor [=| 
Do [| tottem [vecor | 
fRcRmema1 «| Doh | mmr vector 
fReRmegievsz1 ———SS=«dt Dm | | eon | veaor | =i 
fReRmemigsa.1 | Dh |_| mortem] vector | 
Dat | | Wotrme [ vector 
fReRmeme,c———* ah |_| moti] vector | 
ReRmregigfa, «dah | + i-ovisom | vecor | 
Ds | |mmortna | vecor | 
anf [if vecor[ 
jretnearSSSSC*dHSCdYSSC*id ew] CS 
car [fxr [ 
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Table 12. Integer Instructions (continued) 


inctruction Maenianic First | Second | ModR/M_ | Decode RISC86* 
Byte | Byte Byte Type Opcodes 
A 


ROL memé, imms mm-000-xxx 
ROL mreg16/32, imms 
ROL mem16/32, imm8 
ROL mregg, 1 11-000-xxx 
ROL mems, 1 mm-000-xxx 
ROL mreg16/32, 1 11-000-xxx 


ROL mem 16/32, 1 


ROL mreg8, CL . 11-000-xxx 


ROL mems, CL 
ROL mreg16/32, CL 11-000-xxx 
ROL mem16/32, CL Fvector| 0s 
ROR mega mm Proorvex [vecor[ 
ROR mem nme Fmmaorne vector | 
ROR nreg632, nm Prreotene [vecor[ 
ROR mregg, 1 11-001-xxx 
ROR memé, 1 
ROR mregi6/32, 1 
ROR mem16/32, 1 
ROR mregs, CL 
ROR meme, CL 
ROR mreg16/32, CL 11-001-1x 
ROR mem16/32, CL 
SAHF 
SAR mreg8, imm8 
Fedor [ 
ston [aie 
rmx vecor | 
itis | stot fae | 














E 
oO 
= 






Bi! 
a 































9 2 
=a = 


= 
= 


Oo; oOo 
NIN 
al al 


oS WG 
= = 


EE 
=—|o 
>| > 


= 
=> 


5 z/|8 
—|=!|d!16 
ssl >| > 


g 
NO 
= 


Oo; oO 
WA] NY 
>| => 


wl oO 
mi] qa 
a 


(an) 
oO 
= 


SAR memé, imm8s 
SAR mreg16/32, imm8 
SAR mem16/32, imm8 
SAR mreg8, 1 
SAR mem, 1 
SAR mreg16/32, 1 


EE 
—| oO 
| 


= 
=> 


=] 
oS 
= 


EB 
Oo 
— 
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Table 12. Integer Instructions (continued) 


ELI CL 

eee So ee ee 
frnmettox| vector] 
[iii | shot [ae 
Pvedor[ 
= 










g 
No 
= 





j=] 
W 
=> 






i 


—_ | = 
o| alo 
ee a ot 


SBB mem, reg8 TIM -XXX-XXX | long | load, alux, store 
SBB mreg16/32, reg16/32 19h 11-xxx-xxx | short 


i 
SBB AL, imm8s 


_ 
wo 
= 


| long | load, alu, store 


Ss 


> 
= 
= 
iS) 

a 


short | load, alux 


short | load, alu 


alux 
ee load, alux, store 
anor | Tong [ada aoe 
ov Tog_[end aoe 
rn 
rear 
er | 
seam [var [ 
ven | wear | 
oe [weer | 
nv [vedo [ 
Peer [ 
Per | 
eee 
a ed 
ares 


=15 
s 


a 


—_ > =_— 
wo; w 
sa|a 


eo 
oS 
= 


[m) 
= 
n 
= 
° 
> 


iw) 
i 


11-011- 


Sap ay ay oy oe 
2 
5 
wn 
a 


>| > 
a] 
as|=> 


E 
—— 
=a 
_ 
TG 


a 
> 
3 
3 


oO 
“TI 
= 
—_ 


f=) 
7 
3 


oS 
a 
=> 
Ww 
No 
_ 







vector 
vector 
vector 


33; 
1; 7 
i 


° 
v1 
= 
w] wo! wo 
wl] al 
BEEE 
3 
= 


(=) 
“TI 
= 
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Table 12. Integer Instructions (continued) 


Byte | Byte Byte Type Opcodes 
[SeTgSETE mem’ | oF | 94h] mmemooom| vedo | 
[SEINGSETNEMreg® | OF | 95H_| Voom | vedor| 
[SEINSETNEMem® | oF |95h_[ momen | vedor | 
SETBESEINA mrege Por [96h trapoene [vector | 
SETBE/SETNA mem8 oFh | 96h | mm-xocwx| vector{| | 
SETNBE/SETA mega pHa [vedor | 
SETNBE/SETA mem8 0 97h | mmsoxwx| vector| 
SETS regs soh_| iomnox | vecor| i 
SETS mem Frame [vedo [=| 
ETNS megs soh_| tomvon [ vecor | _——* 
SETNS mem orn [99h | mmnooan [vector | 
SET/SETPE mre Hoa [vedor | 
ET/SETPE mem@ roFh [aah | mmnonmn | vector) 
SETN/SETPO mvege orn | 98h [ trom | vector [ 
SETNF/SETPO mem8 rom [98h [mmazoomne [vector | 
ET/SETNGE mega [Trowoa [vecor[ i 
SET/SEINGE mem8 rminoasno | vector | _*| 
SETNL/SETGE mgd Towne [vector [ 
SETNL/SETGE mem8 






















= 
wo 
~ 
3 


Oo 
1) 7 
ss a 2 


oO 
=> 
wo 
co 
= 


(7a) 
o 
7 
= 


wo] wo 
>| o 
>|> 


Oo 
J 
=a 


—n 


So oO 
=> 
wo 
a 
— 


o|o 
7 
aS 
wo 
a 
= 


=) 
nm 
=> 
o/o 
am} m]m 
Sa a sh Ss 


9 
9 


Poo 
SETLRSETNG meg [treason [vecor| 
SETLSEING mens Finmnocea [vector] 
ETNLESETG megs [trax [vecor[ 
SETNLE/SETG emg Fiamocna [vector] 
= 

rmmdotaex| vector] 

ae 


oO 
a 
=> 


rn 
oO 
= 


9 
9 


o!]|o 
1/7 
sa|=a 


SGDT mem48 
SIDT mem48 0 
SHL/SAL mreg8, imms8 
SHL/SAL mem8, imm8 
SHL/SAL mreg16/32, imm8 
SHL/SAL mem16/32, imm8 
SHL/SAL mreg8, 1 
SHL/SAL memé, 1 D 


SHL/SAL mreg16/32, 1 | Dih | 
| th 


SHL/SAL mem16/32, 1 


OQ 
(=) 
se a 


[mm-iooxx| vedor | 
Fr00.%% [shot fae 
Fm-ioon| vedor | 
F006 | shor 
Frn-toox| vedor | 
[i006 | shot [ae 
Fnm-oon| vedor | 


oO, 0 
So 
s| =a 





So 
p> a 


xa 
=> 
= mn 
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Table 12. Integer Instructions (continued) 

Byte | Byte Byte Type Opcodes 
[SaYsACrreg@, =| Dah | tiioomm | short fax 
sHySALmemé, | Dah | [moon vector | 
SHYSALmregiga,cl | dah |__| Too | shot [alu 
SH/SALmem6psa,ck_————_| Dah |_| mmi00m | vedo | 
[siRrmregginm®———————*| Com | | VtOvema | short [ale 
SHRmensimmé———————~| Co] [mm-tovon| veaor | = 
SsaRmegi@sa,inm@——————[ | | torn | show fale 
cin [mnioton| vedor | 
fsaRmregs «Ooh || Om | shot fate id 
[samem1 | Do mmriotson| vector | 
Dit | torn [ shot fae 
[siRmemigs21 | Dih| | mm-t0tox| vedor | 
[simmrega, chi Dah |_| tov | short [aloe 
Dah | __[rmmetorana | vecor | 
siRmregi@fsa,c——— | Dah] | orm [ shot fae 
Dh | | mmtotox| vector | 
SHLD mreg16/32, reg16/32, imms8 OFh | Ash | I1-xxemx | vector} 
SHLD mem(32 reg, imm@ | oFh | Aah _| mmowne | vedor | 
oFh | ABh | Tamome [vecor | __——* 
oFh | _ASh | mmomeonr | vedor | «SY 
HRD mreg632 reg6/3,imma | oF | ACH | Viown [ vedor | _——~*| 
SARD meg, regif32,imme | oFh | ACh | moana | vedor | 
oFh | ADH | Trovoemx [vecor[ 
aFh [AD] moana | vedor | 
jsptmregié————*| (| 0h_| T1000 | vector | = 
arn | ooh [mmanozcx| vetor| 
oFh[_o1h_| Vtoo-m« | vecor 
[susWmemis | of | oth _[rmmetoome| vector | 
sei i vec 
on |__| veaorf 
Ee 
[stosBmem@AL «iP AA || —*dsCg ‘store at 
na ||| tong [store as | 
Software Environment 3-45 


AMD¢1 Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


Table 12. Integer Instructions (continued) 


. ‘ First | Second | ModR/M | Decode RISC86* 
[sTOsDmensz EX ——S*d ABH || «Cdn ‘stores | 
STRAEgI6 porn [ooh | Toor [vedo | 
[siRmemis «id ORR [coh mmOorema| vector | | 
[suBmegsregs ~~ ah | «| Camoomm | short [ale 
SUB mem, ree r 28h |_| rmnaeno | tong [Toad aun tore 
[SUB mega, regiga [29h |_| Vewenm | short [alu | 
[SUB memieys2,regiefs2 | 23h |__| mmoaeoxr| long [load austore | 
SUB eg, megs raat [| ome [short fale 
[SUBregs,meme +d aah |_| monn | short [load ale | 
[SUB regia, mregiof2 | 28h |_| Tamomm | show [alo 
[SUB regi6/2,memi6/s2 | 28h |__| mmo | shon 
[SUBAL imme «i ah |_| amen | short fatix | 
jSUBEAG immisfaa—————+| 20h |__| moun | shor fay | 
[SUBmveg@,immé | oh |__| W101-ow | shot [alow 
[SUB mema,imm@ | 80h |_| mmrome| ong [toad ly store 
[SUB mregi2,immiea | ah | | rior | shot fay 
SUB memig/Saimmigisa | eth |__| mm-10txr| tong_[load a, store | 
SUB regia, imme Ggned et) [ah [| v-torae [ shot faix | 
SUB mem'6/32, imme Gigned ext) | 85h |__| mira] ong [load alux store 
a 
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Table 12. Integer Instructions (continued) 


Byte | Byte Byte Type — 
veRwWnregié_———~+d| ort |_0oh_| Ti-tore | veor_ 
ee 
70 

short 
| tong. | 
[tong {aly alu alu 






wl oe 
o|am 
s| a 


3 


oO 
7 
= 
a 
o 
=> 





o;o 
71) 7 
38 


oO 
—) 
— a 


s 


=< 
ia) 
<x 
i=) 
= 
oD 
oa 
io) 
3 
= 
om 
oa 
[o°) 
co] co 
oy| o> 
EB 


= 


XCHG reg16/32, mreg16/32 87 
XCHG reg16/32, mem16/32 


uy 


fo) 
~ 
= 


co 
So 
= 


7 


ud 


Ul 


e 


ui 


oO ite] 
wm NO 
= = 


t 


LAT vector 


><] >< | o<] OK] Oo] OK] O<| OK] OOK] OK 
oO AL ALATLALALAILAILA 
a ee | eke | ele | Soke | ole | ole | oe | oe 
3 AOL AL OALILPOALAIQOALT Oa 
2 
S| | 22 2 Sl2iziz 
co 
=| jslelgigiglalais 
a =| | -o] ol Se] Se] de 
co 

g 

pe 

=> 


7) 
= 
o 

a 


‘ 


XOR mem, reg8 
XOR mreg16/32, reg16/32 
XOR mem16/32, reg16/32 


oa 

ga 
WG 
So 
= 


a 
load, alu, store 

aux 
=o 


load, alux, store 
| W-110%% | short [au 


we] Ww 
—_—|& 
EE 


WG 
— 
= 


=< 
© 
P=] 
= 
@m 
oa 
& 
3 
= 
@o 
oa 
[o) 
N 


=< 

oO 

a 

= 

9°) 

oa 

a 

3 

@o 

3 

oo 

Wy] & wo 

nN ~ 
AL ala 
—|—| © 
se 


min wn 
as => 
i=) Oo 
a a 


ot 


0) 


=a 
“ 
= 
© 
+ 


nO regi, megs? ————*|*S 


nt wn 
a 
i=) 
BGG 


wn 
= 
° 
a 





©! © Wh w 
9/9. S| w 
=| => 

wn 

= 

° 

a a 
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Table 12. Integer Instructions (continued) 


: ; First | Second | ModR/M | Decode RISC86* 
XOR mem16/32, imm16/32 | sth | | mm-110-0«} long | load, alu, store 
OR eg eneeR) | wah [| WT | sot | 


XOR mem16/32, imms (signedext) | 83h | | mm-110-xx| long | load, alux, store 

P . First | Second | Modr/M | Decode RISC86* 
a 
FADD ST), STO [oa ato ston [ioat 
FADD ST(0), mem32real D8 mm-000-xxx fload, float | 
FADD ST), ST 1-000 ; 
FADD ST(0), mem64real mm-000- fload, float 
FADDP ST(i), ST(0) | DEh 11-000- short 












Table 13. Floating-Point Instructions 








= 





i=) 


s 









FTP Pedor| 
FCHS D9 short | float 


Oo 
= 


Pear | 
float 
[sod eat | 
[sted fr —[ 
oT stored eat | 
oni [Toad fest | 
riraiv20) [tot [fost | 
Pf to|feat 
stat 
re | fot [fea 
Pio so [Sot 


FCLEX 
FCOM ST(0), ST(i) | D8h | 


11-010- 


3 


Da 
FOMPST(O, ST) | ah 
z 
z 
z 


= 
m 
> 


i=) 
a 
ss 





i=) 
wo 
=> 






oO 
a= 


ss a 


oO 

m 

o 
wT rm 
| a 3 
>| > 





FDIV ST(0), ST(i) (extented precision) 


Pretiese | shor [fost || 
FDIV ST(i), ST(0) (single precision) DCh | 11-111-%« | short [float = | * | 
Note 


* The last three bits of the modR/M byte select the stack entry ST(i). 





i i I 
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Table 13. Floating-Point Instructions (continued) 


Pee ee FL Be 
EES ORSON COE A 
Fosse re [bo| [eT [i [| > 
Fst] at 
| mm-110-xxx | short 7 float 










Ree 
oo 
a 






oO 
a 
Pa 








FDIVP ST(0), ST(i) DEh | =| 11-11 1-«x | short | float 
FOWRSTO), STO fan [| 
FDIVR ST(I), ST(0) Dch{ short | float 


sor 
load float 
shor 
shor 
mm-000-xxx | short = float 
[mit | or fosd, oat 
| mm=-01 1-XXx short fload, float 
| mm-011-0x| short | fload, float 
ives] aot [tok for 
rmmo3c0 | shor 
| mm 11 1-30 
[mim 11100 | 
pane 


FINCSTP 
ano 
Bh |_| mm-otiane shor foe, fost 


we 
The last three bits of the modR/M byte select the stack entry ST(i). 


Software Environment 


8 
(an) 
_ 


i] o 
m o 
= = 


o 
=) 
= 
& 
S 


i=) 
m 
2 


o| 9 iw] 


i=) 
> 
i 3 


i=) 
m 
= 


Olu 
38 


fe float 

os float 
fmm-o00%e | short [foad fat | 
rioben sito eat —| 
Ca a ae 
Fmnraoiron| short [foad oat 
er: 
oe) 


E 
> 
i 


Oo; Oo 
7a) m 
s/s 





8 
w 
— 


o|o 
=| 3 





O19” 
mw] wo 
aj a 


3 E 

oa | Mm 

a = 
a; a 


i=] 
wo 
=> 
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Table 13. Floating-Point Instructions (continued) 


instruction Mnemonic First | Second | Modr/M_ | Decode RISC86* 
Byte | Byte Byte Type Opcodes 
FST memd2in bak |__| mm-orrsox short |foed fat |__| 


[iste menssint | Bf |_| mmitioox| shor [food foot |_| 
[RSUBSTOO, mensait | oar |_| mm-t00xm| shor_[Toad foot |__| 













[FSUBSTO) memisint | 0& | | mmt00-mx] shor [Toad foot |_| 
[FSUBRST(),memszint_____[ DA |__| mm10}-ax| shor_[Toad foot |_| 
[RSUBRST(O, memisint | Of |__| mmt01oor] shor [Toad foot |__| 
Ds) ————————~d ah |_| 000m [stor oad feat | > | 
[iD mensared | ah |_| moore shor [Toad foot |_| 
[iD mensired | Oh | | mm-d00m| shor_[foad foot |_| 
[AD menatred =~ Dah | __[midtoex| vecor[ | id 
Dah | eh |__| short [ead tot | 
uo S~S~*d Oh itt] vector 
foe ——~iOah |_| mt | shor [Pond Toot |_| 
fae —SSCS~s OTC ot toot 
[en 
Dah | ech |__| show [feat ‘| 
foe —*d ah [em | —*d ot [toot Cd 
joe —*i oh [= so toot 
a 
EI 
FMULSTO,ST@) bch |__| 101m [ stor [fot | | 
Dah |__| mm-orene | short [oad oat | 
AL ST, menekeal [oer | [moor sft fot | 
MUSTO) ST LB | Tetoison | shor [fot | 
ba | bok_[ fst eat 
2 
a a cc 
bah | fh |__| ston [foot | 
aN pom | er | 
pan | Fee] | show [toot =i 
STOR Poo |r vee | 


aie 


The last three bits of the modR/M byte select the stack entry ST(i). 
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Table 13. Floating-Point Instructions (continued) 


: F First | Second | Modr/M | Decode RISC86* 
SAE Dor | [mmetiome | vedor | | 
FSCALE [ooh | Fm [ ‘| shor [oat [| 


[a 










oO 
© 
=> 
7 
a 
= 






FSQRT (single precision) D9h FAh short 
FSQRT (double precision) short 


EE 
co 
_ 


mm-010-xxx store 
store 
shor [store 
fmm-titex| vecor [|_| 
fmm-orraae | short [tore | 
fmm-orraae | short fistore |_| 
fmm-tiTaae | vedor | | 
Prove | shot [float 
pfvecor| 
fmm-ioo%ee | shor [fad fost |_| 
Fmn-tooaze | short |foad float | 
[rrt00%eu [shot ffoat | 
[Trotme | shot [float 


mm-101-xxx | short | fload, float 


short 


oO 
ite) 
= 


FST mem64real 


=n} =—n| —n] —n] =n 
o!;1o;o 
oO;aQ;] & 
ael ae l 


FSQRT (extended precision) 











Oo; oO 
oO; Oo 
_|a 


i=] 
Oo 
a 








3g 
wo 
= 


oO 
a 
=> 


iw] 
[o=) 
_ 


@| A 
as| = 


3|3|8 
[es] a 
= — 


nN 
i=) 
a 
a 
=“ 


FSUBRP ST(i), ST(0) 
p 


Note: 
* The last three bits of the modR/M byte select the stack entry ST(i). 


11-100- 
short 
short 
11-101-xxx | short 


s|s/2 g 
ee _ 
mm) mM 
POEL eLELELLE B 


=] 
a 


nn 

_ 

o 

a 
S| =| => 
o;|o oOo; o 
o|o g|o 
rl -, rl -- 
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Table 13. Floating-Point Instructions (continued) 


coment [| [om 
Byte | Byte Byte Type Opcodes 
frucouPe SS a | eh] «dato foe i 
a 
ch *d |_| aT | shot [toot | 
amar SS~S~wrC YC et] CYC 
pan [ Ah |__| ston [fom «| 
fru SSS~*d «dst toe SCC 
pwr SSSC~S YT Cet? YC 


wae 
The last three bits of the modR/M byte select the stack entry ST(i). 


Table 14. MMX™ Instructions 


[_—_mcin enone [or oe) "ow || cas | 
ews Ci Om mer CS 
[MOWD mmreg mreg= ——__——|_ofh [eth | Thoma | short |store mined | * | 
[MOWD mmreg mens | of [6th | mmvnwon | stort [mioad |_| 
[MOWD mregs2, mre |_0F_| Teh | Tom | short [mstore od | *_| 
[MOWD mens, mre |_0F_| Eh | mmeowor | short [mstoe |__| 
[Mov minregi,mmregz | of [6th | tome | shot [meu |_| 
[MOVE mreg ment | of [6th | mmowor | ston [mood |__| 
[MOvQmnegi-mmreg [of [7H | Tioowm | shot [meu |_| 
[MOWa memés, neg [of [7h | mmvaron | shor [mstore |__| 
PACKSSOW mmregi,mmeg? | of | 68h | xooms | short [meu |__| 
PACKSSDWmimreg,memé# | OFF | 6Bh | momen | short [mload meu |_| 
PACKSSWBmregh mmreg® | OFF [6H | Viwomm | shot [meu |_| 
PACKSSNB mnreg.menst —_|[_oF_[ ah | mmvowox | short [mle mes |_| 
PACKUSWB mmegl,mme® [of [oh] Tioomm | shot [meu |__| 
PACKUSWE mnveg.memé# | oF | 7h | momo | short [mload meu |_| 
PADDB mmregh,mmveg | of [Fh] Town | shot [meu |_| 
PADDE meg menst | of | Fch | mmomom | short [mload meu |_| 
PADDD mnregh,mmveg?@ | of [P| Town [ shot [meu |_| 


Note. 
* Bits 2, 1, and 0 of the modR/M byte select the integer register. 

































tad 
s 
x 
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Table 14. MMX™ Instructions (continued) 
Prefix 


instruction Miemonic First | modR/M | Decode RISC86* 
Byte(s) | Byte Byte Type Opcodes 


PADDSB mmreg1, mmreg2 1 1-XXX-XXX | short |meu 
















o|o 
n| m7 
EE 
m|m 
EE 
>> 
3 
aE 






eS 
7) 
S 
a 


PADDUSW mmreg1, mmreg2 


PANDN mmreg1, mmreg2 


_ 
_ 


=XXX-. 


of [ED] Tomew | stor [meu |_| 
oF eDh | ran-paox | short [mioad meu | 
of [Bch|mnpaox | short [mioad meu | 
a 
oad meu [__ 


o|o 
1/7 
s|=a 


3 
5 
g 
g 


mload, meu 
voavox | shor [meu |_| 
FOR | mmowox | show_[mioad mer |_| 
[iiocne | shot [meu |__| 
Framvoxsen | shot [rload mes | 
DF | Tawoomm | shot fmev |_| 
Fh [mmm | shor |mioad meu |_| 
mh | Teena [ shot [meu |_| 


o;]o 
1/7 
sai =a 
7 
Oo 
=a 
_ 
— 






o!o 
1/ ™ 
sis 


oOo 
bor | 
a 







o|o 
nm) 
EE 
~|] Oo 
s| => 






oO 
7 
_ 
~ 
b 
= 





e 






o;]o 
EE 
“Ss 
3) 

= 
& | & 
ES 





PCMPEQD mmreg, mem64 M-XXX- | short | mload, meu 
PCMPEQW mmreg1, mmreg2 OFh | 75h | 11-xxx-xxx | short 





short | mload, meu 


vox | shor | 


mm-xxx-xxx | short | mload, meu 
11-Xxx- short 


m- 


PCMPGTD mmreg1, mmreg2 

[shor |imioad meu [| 
j Tevwna [short [meu |_| 
oFh | E5h | mminocene | short |mioad mex |_| 


Note: 
* Bits 2, 1, and 0 of the modR/M byte select the integer register. 


fos) 
> 
~ 
= 
3 
eS 
es 


A 


3 
berm | 
= 


So 
a 
= 


& 
3 


short | mload, meu 


- short 
mm-xxx-xxx | short | mload, meu 


oO 
7 
= 
a 
= 


o;|o 
1) 7 
3/3 
wm 
— 
i 


oO 
7 
= 
a 
a 
> 





o!|o 
a] m7 
=| os 
at ice] 
Sa cal 
a| a 


o 
ba | 
_ 
m 
[S,) 
= 
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[ome ll a™fiae | S[s 
Byte(s) | Byte Byte Type Opcodes 

[PMULLWenmregi,mmreg2 | OF | Dsh | Tieouao | shor [meu | 

PMULLW meg, meme oF Dah | mm-one | short [load meu | 
POR mrgh, mmreg2 [ofr | EBh | Hemivox [shor [meu | 
[PORmmreg.memés —__———_|_OFh | Eah | mmaxoeonr| short [mfoad meu |_| 
PSLLW mnegi, meg orn | FIh | Tipe [shor [mew |_| 
psuuwmmeg,memés [of [Fin | Trameox | shot [mload meu |_| 
Pstiwmmreg im’ —————_|_ofh [71h | W-t10-m% | show 


PSLLD mmreg1, mmreg2 


PSLLD mmreg, mem64 


Table 14. MMX™ Instructions (continued) 

















min 
a 
o;9 
ala 


PSLLD mmreg, imm8 short 
PSLLQ mmregl, mmreg2 | OFh | F3h | 11-x00xx | short 


StLGrmnep memes oP | 
amnesia 
FAW ee mney oR eh 
PSRAW mmreg, mem64 | 

PSRAW mmreg, imms | OFh | 71h | 11-100-xx | 
PSRAD mmregl, mmreg2 } OFh | E2h | 11-00-10 | 
PSRAD mmreg, mem64 OFh | E2H | 11x00 | 
PSRAD mmreg, imm8 | OFh | 72h | 11-100-xx | 
PSRAQ mmregl, mmreg2 OFh | E3h J 11-10-20 | 
PSRAQ mmreg, mem64 
PSRAQ mmreg, imms 


PSRLW mmreg1, mmreg2 OFh | Dih | 
PSRLW mmreg, mem64 OFh {| Dih 


PSRLW mmreg, imm8 


PSRLD mmreg1, mmreg2 OFh | D2h 


n 
= 
° 
= 


i) 
= 
o 

a 


mi ni n 
sj a>| > 
o;o|o 
ajala 


wn 
= 
S 
a 


nln 
is 
o/|} 9 
ala 


wr 
= 
° 
a 


nln 
a|> 
o|o 
ala 


wn 
= 
(2) 
a 


n wn 
s|= 

o 
alt 


(>) 


n 
= 
3° 
+ 





~ 
ies 
s| as 

wn 

=> 

° 

a 


“ 
= 
o 

_s 


nln 
>| > 
o|o 
alia 


n 
= 
r=) 
a 








Note: 
* Bits 2, 1, and 0 of the modR/M byte select the integer register. 
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First | modR/M | Decode RISC86* 
Byte Byte Type Opcodes 


Fah | Wowome | shor [meu | __ 


Table 14. MMX™ Instructions (continued) 


Prefix 


Byte(s) 






Instruction Mnemonic 


PSUBB mmreg1, mmreg2 





=| 3/3 

se 
oo 
_ 


PUBS een eo | shat mi wl || 
PSUBD mmregl, mmreg2 11 -XXX-XXX 


FAh 


oO 
1 
ho 


XXX-Xxx | short | mload, meu 


3 
3 





PSUBD mmreg, mem64 


PSUBSB mmreg1, mmreg2 | Esh | 11-xxx-xxx | short 
PSUBSB mmreg, mem64 | Fh | E8h | mm-0o-xn | short | mload, meu 
PSUBSW mmreg1, mmreg2 OFh | Eh | short 


oO 
wT 
1 


PSUBSW mmreg, mem64 
PSUBUSB mmregi, mmreg2 | Dah | 
PSUBUSB mmreg, mem64 OF | DBh | mm 

PSUBUSW mmreg1, mmreg2 11 -XXX-XXX 


PSUBUSW meg memés | OF | Dah | moana | short_[mioad meu 
PSUBW mmregi, mmreg2 | oFh | F9h| THomeon | sho [meu | 
[PSUBWmmreg,memss ———_—_—|_oFh_| Fh | mmanooonr| short |[mioadmeu |_| 
PUNPCKHBW mmreg1, mmreg2 | short |meu 
PUNPCKHBW mmreg, mem64 | mm-xx-xx | short |mload,meu | | 
PUNPCKHWD mmreg1, mmreg2 11 -XXX-XxX 
PUNPCKHWD mmreg, mem64 short | mload, meu 
PUNPCKHDQ mmreg1, mmreg2 
PUNPCKHDQ mmreg, mem64 mm-xxx-xxx | short | mload, meu 
PUNPCKLBW mmreg1, mmreg2 
PUNPCKLBW mmreg, mem64 
PUNPCKLWD mmreg1, mmreg2 
PUNPCKLWD mmreg, mem64 
PUNPCKLDQ mmreg1, mmreg2 
PUNPCKLDQ mmreg, mem64 
PXOR mmreg1, mmreg2 


| Eh | short | mload, meu 


=XXXXHX mload, meu 


Oo 
bn 3 | 
3 





= 


oO 
77 
a 


So 
br a | 
3 


3 
3 
es 
3 


o|o 
1/7 
3/3 


So 
— 
aT 






oO 
— 
= 


So 
“TI 
3 


i=) 
bn 2 | 
= 
DD! H fo) fon) 
NIN > wo 
— a 2 > => 
nn 
= 
>) 
7 


oO; oO 
=| SF 


short | mload, meu 
= 

mload, meu 
mload, meu 


short 
short | mload, meu 


oO; oO 
mm) m7 
soja 


Oo} ©& 
1) 71 
EE 


r) 
a 
= 
m 
nm 
= 


— 
_ 


PXOR mmreg, mem64 


S 
i) 

Oo 

7 7 
= 

E 





* Bits 2, 1, and 0 of the modR/M byte select the integer register. 
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4 


Bus 
Arbitration 


Address 
and 
Address 
Parity 


Cycle 
Definition 
and 
Control 


Cache 
Control 


BE[7:0]# 


D/C# 
EWBE# 
LOCK# 
M/lO# 
NA# 
SCYC 
W/R# 


Logic Symbol Diagram 


TCK TDI 


Preliminary Information 


Logic Symbol Diagram 


CLK BF[2:0] 


AMD-K6é™ 


MMX™ Enhanced 
Processor 


JTAG Test 


TDO TMS TRST# 


FERR# 
IGNNE# 


FLUSH# 
INIT 
INTR 
NMI 
RESET 
SMI3# 


SMIACT# 
STPCLK# 





AMD<a@ 
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Data 
and 
Data 
Parity 


Inquire 
Cycles 


Floating-Point 
Error Handling 


External 
Interrupts, 
SMM, Reset and 
Initialization 
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Logic Symbol Diagram 
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5 Signal Descriptions 
5.1 A20M# (Address Bit 20 Mask) 
Input 
Summary A20M# is used to simulate the behavior of the 8086 when 


Sampled 


Signal Descriptions 


running in Real mode. The assertion of AZOM# causes the 
processor to force bit 20 of the physical address to 0 prior to 
accessing the cache or driving out a memory bus cycle. The 
clearing of address bit 20 maps addresses that wrap above 1 
Mbyte to addresses below 1 Mbyte. 


The processor samples A20M# as a level-sensitive input on 
every clock edge. The system logic can drive the signal either 
synchronously or asynchronously. If it is asserted 
asynchronously, it must be asserted for a minimum pulse width 
of two clocks. 


The following list explains the effects of the processor sampling 
A20M# asserted under various conditions: 


= Inquire cycles and writeback cycles are not affected by the 
state of A2Z0M#. 


m The assertion of AZOM# in System Management Mode 
(SMM) is ignored. 

m= When A20M# is sampled asserted in Protected mode, it 
causes unpredictable processor operation: A20M# is only 
defined in Real mode. 


= To ensure that A20M# is recognized before the first ADS# 
occurs following the negation of RESET, A2Z0M# must be 
sampled asserted on the same clock edge that RESET is 
sampled negated or on one of the two subsequent clock 
edges. 

= To ensure A20M# is recognized before the execution of an 
instruction, a serializing instruction must be executed 
between the instruction that asserts A2Z0M# and the 
targeted instruction. 
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5.2 A[31:3] (Address Bus) 
A[31:5] Bidirectional, A[4:3] Output 
Summary A[31:3] contain the physical address for the current bus cycle. 


Driven, Sampled, and 
Floated 


5-2 


The processor drives addresses on A[31:3] during memory and 
I/O cycles, and cycle definition information during special bus 
cycles. The processor samples addresses on A[31:5] during 
inquire cycles. 


As Outputs: A[31:3] are driven valid off the same clock edge as 
ADS# and remain in the same state until the clock edge on 
which NA# or the last expected BRDY# of the cycle is sampled 
asserted. A[31:3] are driven during memory cycles, I/O cycles, 
special bus cycles, and interrupt acknowledge cycles. The 
processor continues to drive the address bus while the bus is 
idle. 


As Inputs: The processor samples A[31:5] during inquire cycles 
on the clock edge on which EADS# is sampled asserted. Even 
though A4 and A3 are not used during the inquire cycle, they 
must be driven to a valid state and must meet the same timings 
as A[31:5]. 


A[31:3] are floated off the clock edge that AHOLD or BOFF# is 
sampled asserted and off the clock edge that the processor 
asserts HLDA in recognition of HOLD. 


The processor resumes driving A[31:3] off the clock edge on 


which the processor samples AHOLD or BOFF# negated and off 
the clock edge on which the processor negates HLDA. 


Signal Descriptions 
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5.3 ADS# (Address Strobe) 
Output 
Summary The assertion of ADS# indicates the beginning of a new bus 


Driven and Floated 


cycle. The address bus and all cycle definition signals 
corresponding to this bus cycle are driven valid off the same 
clock edge as ADS#. 


ADS# is asserted for one clock at the beginning of each bus 
cycle. For non-pipelined cycles, ADS# can be asserted as early 
as the clock edge after the clock edge on which the last 
expected BRDY# of the cycle is sampled asserted, resulting ina 
single idle state between cycles. For pipelined cycles if the 
processor is prepared to start a new cycle, ADS# can be 
asserted as early as one clock edge after NA# is sampled 
asserted. 


If AHOLD is sampled asserted, ADS# is only driven in order to 
perform a writeback cycle due to an inquire cycle that hits a 
modified cache line. 


The processor floats ADS# off the clock edge that BOFF# is 
sampled asserted and off the clock edge that the processor 
asserts HLDA in recognition of HOLD. 


5.4 ADSC# (Address Strobe Copy) 


Summary 


Signal Descriptions 


Output 


ADSC# has the identical function and timing as ADS#. In the 
event ADS# becomes too heavily loaded due to a large fanout in 
a system, ADSC# can be used to split the load across two 
outputs, which improves timing. . 
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5.5 


Summary 


Sampled 
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AHOLD (Address Hold) 


Input 


AHOLD can be asserted by the system to initiate one or more 
inquire cycles. To allow the system to drive the address bus 
during an inquire cycle, the processor floats A[31:3] and AP off 
the clock edge on which AHOLD is sampled asserted. The data 
bus and all other control and status signals remain under the 
control of the processor and are not floated. This allows a bus 
cycle that is in progress when AHOLD is sampled asserted to 
continue to completion. The processor resumes driving the 
address bus off the clock edge on which AHOLD is sampled 
negated. 


If AHOLD is sampled asserted, ADS# is only asserted in order 
to perform a writeback cycle due to an inquire cycle that hits a 
modified cache line. 


The processor samples AHOLD on every clock edge. AHOLD is 
recognized while INIT and RESET are sampled asserted. 


Signal Descriptions 
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5.6 AP (Address Parity) 
Bidirectional 
Summary AP contains the even parity bit for cache line addresses driven 


Driven, Sampled, and 
Floated 


Signal Descriptions 


and sampled on A[31:5]. Even parity means that the total 
number of 1 bits on AP and A[31:5] is even. (A4 and A3 are not 
used for the generation or checking of address parity because 
these bits are not required to address a cache line.) AP is driven 
by the processor during processor-initiated cycles and is 
sampled by the processor during inquire cycles. If AP does not 
reflect even parity during an inquire cycle, the processor 
asserts APCHK# to indicate an address bus parity check. The 
processor does not take an internal exception as the result of 
detecting an address bus parity check, and system logic must 
respond appropriately to the assertion of this signal. 


As an Output: The processor drives AP valid off the clock edge 
on which ADS#is asserted until the clock edge on which NA# or 
the last expected BRDY # of the cycle is sampled asserted. AP is 
driven during memory cycles, I/O cycles, special bus cycles, and 
interrupt acknowledge cycles. The processor continues to drive 
AP while the bus is idle. 


As an Input: The processor samples AP during inquire cycles o on 
the clock edge on which EADS# is sampled asserted. 


The processor floats AP off the clock edge that AHOLD or 
BOFF# is sampled asserted and off the clock edge that the 
processor asserts HLDA in recognition of HOLD. 


The processor resumes driving AP off the clock edge on which 
the processor samples AHOLD or BOFF# negated and off the 
clock edge on which the processor negates HLDA. 
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5.7 APCHK# (Address Parity Check) 
Output 


Summary If the processor detects an address parity error during an 
inquire cycle, APCHK# is asserted for one clock. The processor 
_ does not take an internal exception as the result of detecting an 
address bus parity check, and system logic must respond 
appropriately to the assertion of this signal. 


The processor ensures that APCHK# does not glitch, enabling 
the signal to be used as a clocking source for system logic. 


Driven APCHK# is driven valid the clock edge after the clock edge on 
which the processor samples EADS# asserted. It is negated off 
the next clock edge. 


APCHK# is always driven except in Tri-State Test mode. 


5-6 Signal Descriptions 
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5.8 BE[7:0]# (Byte Enables) 
Output 
Summary BE[7:0]# are used by the processor to indicate the valid data 


Driven and Floated 


Signal Descriptions 


bytes during a write cycle and the requested data bytes during 
a read cycle. The byte enables can be used to derive address 
bits A[2:0], which are not physically part of the processor’s 
address bus. The processor checks and generates valid data 
parity for the data bytes that are valid as defined by the byte 
enables. The eight byte enables correspond to the eight bytes of 
the data bus as follows: 


= BE7#:D[63:56] = BE3#: D[31:24] 
m BEG#:D[55:48] m= BE2#: D[23:16] 
a BE5#:D[47:40] m= BE1#: D[15:8] 
= BE4#:D[39:32] m= BEO#: D[7:0] 


The processor expects data to be driven by the system logic on 
all eight bytes of the data bus during a burst cache-line read 
cycle, independent of the byte enables that are asserted. 


The byte enables are also used to distinguish between special 
bus cycles as defined in Table 21 on page 5-41. 


BE[7:0]# are driven off the same clock edge as ADS# and 
remain in the same state until the clock edge on which NA# or 
the last expected BRDY# of the cycle is sampled asserted. 
BE[7:0]# are driven during memory cycles, I/O cycles, special 
bus cycles, and interrupt acknowledge cycles. 


The processor floats BE[7:0]# off the clock edge that BOFF# is 
sampled asserted and off the clock edge that the processor 
asserts HLDA in recognition of HOLD. Unlike the address bus, 
BE[7:0]# are not floated in response to AHOLD. 


AMD<¢\ 


Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


5.9 


Summary 


Sampled 


5-8 


BF[2:0] (Bus Frequency) 


Inputs, Internal Pullups 


BF[2:0] determine the internal operating frequency of the 
processor. The frequency of the CLK input signal is multiplied 
internally by a ratio determined by the state of these signals as 
defined in Table 15. BF[2:0] have weak internal pullups and 
default to the 3.5 multiplier if left unconnected. 


Table 15. Processor-to-Bus Clock Ratios 


State of BF[2:0] Inputs Processor-Clock to Bus-Clock Ratio 





BF[2:0] are sampled during the falling transition of RESET. 
They must meet a minimum setup time of 1.0 ms anda 
minimum hold time of two clocks relative to the negation of 
RESET. 


Signal Descriptions 
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5.10 BOFF# (Backoff) 


Summary 


Sampled 


Signal Descriptions 


Input 


If BOFF# is sampled asserted, the processor unconditionally 
aborts any cycles in progress and transitions to a bus hold state 
by floating the following signals: A[31:3], ADS#, ADSC#, AP, 
BE[7:0]#, CACHE#, D[63:0], D/C#, DP[7:0], LOCK#, M/IO#, 
PCD, PWT, SCYC, and W/R#. These signals remain floated until 
BOFF# is sampled negated. This allows an alternate bus master 
or the system to control the bus. 


When BOFF# is sampled negated, any processor cycle that was 
aborted due to the assertion of BOFF# is restarted from the 
beginning of the cycle, regardless of the number of transfers 
that were completed. If BOFF#is sampled asserted on the same 
clock edge as BRDY# of a bus cycle of any length, then BOFF# 
takes precedence over the BRDY#. In this case, the cycle is 
aborted and restarted after BOFF#is sampled negated. 


BOFF# is sampled on every clock edge. The processor floats its 
bus signals off the clock edge on which BOFF# is sampled 
asserted. These signals remain floated until the clock edge on 
which BOFF# is sampled negated. 


BOFF# is recognized while INIT and RESET are sampled 
asserted. 
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Summary 


Sampled 
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BRDY# (Burst Ready) 


Input, Internal Pullup 


BRDY # is asserted to the processor by system logic to indicate 
either that the data bus is being driven with valid data during a 
read cycle or that the data bus has been latched during a write 
cycle. If necessary, the system logic can insert bus cycle wait 
states by negating BRDY# until it is ready to continue the data 
transfer. BRDY# is also used to indicate the completion of 
special bus cycles. 


BRDY# is sampled every clock edge within a bus cycle starting 
with the clock edge after the clock edge that negates ADS#. 
BRDY# is ignored while the bus is idle. The processor samples 
the following inputs on the clock edge on which BRDY# is 
sampled asserted: D[63:0], DP[7:0], and KEN# during read 
cycles, EWBE# during write cycles, and WB/WT# during read 
and write cycles. (If Write Cacheability Detection is enabled, 
the processor samples KEN# during write cycles. See “Write 
Allocate” on page 8-7 for additional details.) If NA#is sampled 
asserted prior to BRDY#, then KEN# and WB/WT# are sampled 
on the clock edge on which NA#is sampled asserted. 


The number of times the processor expects to sample BRDY# 
asserted depends on the type of bus cycle, as follows: 


m One time for a single-transfer cycle, a special bus cycle, or 
each of two cycles in an interrupt acknowledge sequence 


m= Four times for a burst cycle (once for each data transfer) 


BRDY# can be held asserted for four consecutive clocks 
throughout the four transfers of the burst, or it can be negated 
to insert wait states. 


Signal Descriptions 
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5.12 BRDYC# (Burst Ready Copy) 


Summary 


Sampled 


Signal Descriptions 


Input, Internal Pullup 


BRDYC# has the identical function as BRDY#. In the event 
BRDY # becomes too heavily loaded due to a large fanout or 
loading in a system, BRDYC# can be used to reduce this 
loading, which improves timing. 


In addition, BRDYC# is sampled when RESET is negated to 
configure the drive strength of A[20:3], ADS#, HITM#, and 
W/R#. If BRDYC# is 0 during the falling transition of RESET, 
these particular outputs are configured using higher drive 
strengths than the standard strength. If BRDYC#is 1 during the 
falling transition of RESET, the standard strength is selected. 


BRDYC# is sampled every clock edge within a bus cycle 
starting with the clock edge after the clock edge that negates 
ADS#. 


BRDYC# is also sampled during the falling transition of 
RESET. If RESET is driven synchronously, BRDYC# must meet 
the specified hold time relative to the negation of RESET. If 
RESET is driven asynchronously, the minimum setup and hold 
time for BRDYC# relative to the negation of RESET is two 
clocks. 
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(5.13 BREQ (Bus Request) 


Summary 


Driven 


Output 


BREQ is asserted by the processor to request the bus in order to 
complete an internally pending bus cycle. The system logic can 
use BREQ to arbitrate among the bus participants. If the 
processor does not own the bus, BREQ is asserted until the 
processor gains access to the bus in order to begin the pending 
cycle or until the processor no longer needs to run the pending 
cycle. If the processor currently owns the bus, BREQ is asserted 
with ADS#. The processor asserts BREQ for each assertion of 
ADS# but does not necessarily assert ADS# for each assertion 
of BREQ. 


BREQ is asserted off the same clock edge on which ADS# is 
asserted. BREQ can also be asserted off any clock edge, 
independent of the assertion of ADS#. BREQ can be negated 
one clock edge after it is asserted. 


The processor always drives BREQ except in Tri-State Test 
mode. — > 


5.14 CACHE# (Cacheable Access) 


Summary 


Driven and Floated 
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Output 


For reads, CACHE# is asserted to indicate the cacheability of 
the current bus cycle. In addition, if the processor samples 
KEN# asserted, which indicates the driven address is 
cacheable, the cycle is a 32-byte burst read cycle. For write 
cycles, CACHE# is asserted to indicate the current bus cycle is 
a modified cache-line writeback. KEN# is ignored during 
writebacks. If CACHE# is not asserted, or if KEN#is sampled 
negated during a read cycle, the cycle is not cacheable and 
defaults to a single-transfer cycle. 


CACHE# is driven off the same clock edge as ADS# and 
remains in the same state until the clock edge on which NA# or 
the last expected BRDY# of the cycle is sampled asserted. 


CACHE# is floated off the clock edge that BOFF# is sampled 
asserted and off the clock edge that the processor asserts 
HLDA in recognition of HOLD. 


Signal Descriptions 
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5.15 CLK (Clock) 


Summary 


Sampled 


Input 


The CLK signal is the bus clock for the processor and is the 
reference for all signal timings under normal operation (except 
for TDI, TDO, TMS, and TRST#). BF[2:0] determine the internal 
frequency multiplier applied to CLK to obtain the processor’s 
core operating frequency. (See “BF[2:0] (Bus Frequency)” on 
page 5-8 for a list of the processor-to-bus clock ratios.) 


The CLK signal must be stable a minimum of 1.0 ms prior to the 
negation of RESET to ensure the proper operation of the 
processor. See “CLK Switching Characteristics” on page 16-1 
for details regarding the CLK specifications. 


5.16 D/C# (Data/Code) 


Summary 


Driven and Floated 


Signal Descriptions 


Output 


The processor drives D/C# during a memory bus cycle to 
indicate whether it is addressing data or executable code. D/C# 
is also used to define other bus cycles, including interrupt 
acknowledge and special cycles. (See Table 21 on page 5-41 for 
more details.) 


D/C# is driven off the same clock edge as ADS# and remains in 
the same state until the clock edge on which NA# or the last 
expected BRDY# of the cycle is sampled asserted. D/C# is 
driven during memory cycles, I/O cycles, special bus cycles, and © 
interrupt acknowledge cycles. 


D/C# is floated off the clock edge that BOFF# is sampled 
asserted and off the clock edge that the processor asserts 
HLDA in recognition of HOLD. 
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5.17 D[63:0] (Data Bus) 


Summary 


Driven, Sampled, and 
Floated 


5-14 


Bidirectional 


D[63:0] represent the processor’s 64-bit data bus. Each of the 
eight bytes of data that comprise this bus is qualified as valid 
by its corresponding byte enable. (See “BE[7:0]# (Byte 
Enables)” on page 5-7.) 


.As Outputs: For single-transfer write cycles, the processor 


drives D[63:0] with valid data one clock edge after the clock 
edge on which ADS#is asserted and D[63:0] remain in the same 
state until the clock edge on which BRDY# is sampled asserted. 
If the cycle is a writeback—in which case four, 8-byte transfers 
occur—D[63:0] are driven one clock edge after the clock edge 
on which ADS# is asserted and are subsequently changed off 
the clock edge on which each BRD Y# assertion of the burst 
cycle is sampled. 


If the assertion of ADS# represents a pipelined write cycle that 
follows a read cycle, the processor does not drive D[63:0] until 
it is certain that contention on the data bus will not occur. In 
this case, D[63:0] are driven the clock edge after the last 
expected BRDY# of the previous cycle is sampled asserted. 


As Inputs: During read cycles, the processor samples D[63:0] on 
the clock edge on which BRDY#is sampled asserted. 


The processor always floats D[63:0] except when they are 
being driven during a write cycle as described above. In 
addition, D[63:0] are floated off the clock edge that BOFF# is 
sampled asserted and off the clock edge that the processor 
asserts HLDA in recognition of HOLD. 


Signal Descriptions 
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5.18 DP[7:0] (Data Parity) 


Summary 


Driven, Sampled, and 
Floated 


Signal Descriptions 


Bidirectional 


DP[7:0] are even parity bits for each valid byte of data—as 
defined by BE[7:0]#—driven and sampled on the D[63:0] data 
bus. (Even parity means that the total number of 1 bits within 
each byte of data and its respective data parity bit is even.) 
DP[7:0] are driven by the processor during write cycles and 
sampled by the processor during read cycles. If the processor 
detects bad parity on any valid byte of data during a read cycle, 
PCHK# is asserted for one clock beginning the clock edge after 
BRDY# is sampled asserted. The processor does not take an 
internal exception as the result of detecting a data parity 
check, and system logic must respond appropriately to the 
assertion of this signal. 


The eight data parity bits correspond to the eight bytes of the 
data bus as follows: 


m DP7:D[63:56] m= DP3:D[31:24] 
= DP6:D[55:48] m= DP2:D[23:16] 
m DPS: D[47:40] = DP1:D[15:8] 
= DP4:D[39:32] m= DPO:D{(7:0] 


For systems that do not support data parity, DP[7:0] should be 
connected to Vcc3 through pullup resistors. 


As Outputs: For single-transfer write cycles, the processor 
drives DP[7:0] with valid parity one clock edge after the clock 
edge on which ADS# is asserted and DP[7:0] remain in the same 
state until the clock edge on which BRDY# is sampled asserted. 
If the cycle is a writeback, DP[7:0] are driven one clock edge 
after the clock edge on which ADS# is asserted and are 
subsequently changed off the clock edge on which each BRDY# 
assertion of the burst cycle is sampled. 


As Inputs: During read cycles, the processor samples DP[7:0] on 
the clock edge BRDY# is sampled asserted. 


The processor always floats DP[7:0] except when they are 
being driven during a write cycle as described above. In 
addition, DP[7:0] are floated off the clock edge that BOFF# is 
sampled asserted and off the clock edge that the processor 
asserts HLDA in recognition of HOLD. 
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5.19 EADS# (External Address Strobe) 
Input 


Summary System logic asserts EADS# during a cache inquire cycle to 
indicate that the address bus contains a valid address. EADS# 
can only be driven after the system logic has taken control of 
the address bus by asserting AHOLD or BOFF# or by receiving 
HLDA. The processor responds to the sampling of EADS# and 
the address bus by driving HIT #, which indicates if the inquired 
cache line exists in the processor’s cache, and HITM#, which 
indicates if it is in the modified state. 


Sampled If AHOLD or BOFF# is asserted by the system logic in order to 
execute a cache inquire cycle, the processor begins sampling 
EADS# two clock edges after AHOLD or BOFF# is sampled 
asserted. If the system logic asserts HOLD in order to execute a 
cache inquire cycle, the processor begins sampling EADS# two 
clock edges after the clock edge HLDA is asserted by the 
processor. 


EADS# is ignored during the following conditions: 
m One clock edge after the clock edge on which EADS# is 
sampled asserted 


m= Two clock edges after the clock edge on which ADS# is 
asserted 


When the processor is driving the address bus 
When the processor asserts HITM# 


5-16 Signal Descriptions 
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5.20 EWBE# (External Write Buffer Empty) 


Summary 


Sampled 


Signal Descriptions 


Input 


The system logic can negate EWBE# to the processor to 
indicate that its external write buffers are full and that 
additional data cannot be stored at this time. This causes the 
processor to delay the following activities until EWBE# is 
sampled asserted: 


= The commitment of write hit cycles to cache lines in the 
modified state or exclusive state in the processor’s cache 


m The decode and execution of an instruction that follows a 
currently-executing serializing instruction 


The assertion or negation of SMIACT# 
The entering of the Halt state and the Stop Grant state 


Negating EWBE# does not prevent the completion of any type 
of cycle that is currently in progress. 


The processor samples EWBE# on each clock edge that BRDY# 
is sampled asserted during all memory write cycles (except 
writeback cycles), I/O write cycles, and special bus cycles. 


If EWBE#is sampled negated, it is sampled on every clock edge 
until it is asserted, and then it is ignored until BRDY# is 
sampled asserted in the next write cycle or special cycle. 
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5.21 


Summary 


Driven 
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FERR# (Floating-Point Error) 


Output 


The assertion of FERR# indicates the occurrence of an 
unmasked floating-point exception resulting from the 
execution of a floating-point instruction. This signal is provided 
to allow the system logic to handle this exception in a manner 
consistent with IBM-compatible PC/AT systems. See “Handling 
Floating-Point Exceptions” on page 9-1 for a system logic 
implementation that supports floating-point exceptions. 


The state of the numeric error (NE) bit in CRO does not affect 
the FERR# signal. 


The processor ensures that FERR# does not glitch, enabling the 
signal to be used as a clocking source for system logic. 


The processor asserts FERR# on the instruction boundary of 
the next floating-point instruction, MMX instruction, or WAIT 
instruction that occurs following the floating-point instruction 


- that caused the unmasked floating-point exception—that is, 


FERR# is not asserted at the time the exception occurs. The 
IGNNE# signal does not affect the assertion of FERR#. 


FERR# is negated during the following conditions: 


m Following the successful execution of the floating-point 
instructions FCLEX, FINIT, FSAVE, and FSTENV 


m Under certain circumstances, following the successful 
execution of the floating-point instructions FLDCW, 
FLDENV, and FRSTOR, which load the floating-point status 
word or the floating-point control word 


m Following the falling transition of RESET 
FERR# is always driven except in Tri-State Test mode. 


See “IGNNE# (Ignore Numeric Exception)” on page 5-22 for 
more details on floating-point exceptions. 


Signal Descriptions 
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5,22 FLUSH# (Cache Flush) 


Summary 


Sampled 


Signal Descriptions 


Input 


In response to sampling FLUSH# asserted, the processor writes 
back any data cache lines that are in the modified state, 
invalidates all lines in the instruction and data caches, and then 
executes a flush acknowledge special cycle. (See Table 21 on 
page 5-41 for the bus definition of special cycles.) 


In addition, FLUSH# is sampled when RESET is negated to 
determine if the processor enters Tri-State Test mode. If 
FLUSH# is 0 during the falling transition of RESET, the 
processor enters Tri-State Test mode instead of performing the 
normal RESET functions. 


FLUSH# is sampled and latched as a falling edge-sensitive 
signal. During normal operation (not RESET), FLUSH# is 
sampled on every clock edge but is not recognized until the 
next instruction boundary. If FLUSH# is asserted 
synchronously, it can be asserted for a minimum of one clock. If 
FLUSH# is asserted asynchronously, it must have been negated 
for a minimum of two clocks, followed by an assertion of a 
minimum of two clocks. 


FLUSH# is also sampled during the falling transition of 
RESET. If RESET and FLUSH# are driven synchronously, 
FLUSH#is sampled on the clock edge prior to the clock edge on 
which RESET is sampled negated. If RESET is driven 
asynchronously, the minimum setup and hold time for 
FLUSH#, relative to the negation of RESET, is two clocks. 
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5.23 


Summary 


Driven 


5.24 


Summary 


Driven 
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HIT# (Inquire Cycle Hit) 


Output 


The processor asserts HIT# during an inquire cycle to indicate 
that the cache line is valid within the processor’s instruction or 
data cache (also known as a cache hit). The cache line can be in 
the modified, exclusive, or shared state. 


HIT# is always driven—except in Tri-State Test mode—and 
only changes state the clock edge after the clock edge on which 
EADS# is sampled asserted. It is driven in the same state until 
the next inquire cycle. 


HITM# (Inquire Cycle Hit To Modified Line) 


Output 


The processor asserts HITM# during an inquire cycle to 
indicate that the cache line exists in the processor’s data cache 
in the modified state. The processor performs a writeback cycle 


‘- as a result of this cache hit. If an inquire cycle hits a cache line 


that is currently being written back, the processor asserts 
HITM# but does not execute another writeback cycle. The 
system logic must not expect the processor to assert ADS# each 
time HITM# is asserted. 


HITM# is always driven—except in Tri-State Test mode—and, 
in particular, is driven to represent the result of an inquire 
cycle the clock edge after the clock edge on which EADS# is 
sampled asserted. If HITM# is negated in response to the 
inquire address, it remains negated until the next inquire cycle. 
If HITM# is asserted in response to the inquire address, it 
remains asserted throughout the writeback cycle and is 
negated one clock edge after the last BRDY# of the writeback is 


-sampled asserted. 


Signal Descriptions 
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5.25 HLDA (Hold Acknowledge) 


Summary 


Driven 


Output 


When HOLD is sampled asserted, the processor completes the 
current bus cycles, floats the processor bus, and asserts HLDA 
in an acknowledgment that these events have been completed. 
The processor does not assert HLDA until the completion of a 
locked sequence of cycles. While HLDA is asserted, another bus 
master can drive cycles on the bus, including inquire cycles to 
the processor. The following signals are floated when HLDA is 
asserted: A[31:3], ADS#, ADSC#, AP, BE[7:0]#, CACHE#, 
D[63:0], D/C#, DP[7:0], LOCK#, M/IO#, PCD, PWT, SCYC, and 
WIR#. 


The processor ensures that HLDA does not glitch. 


HLDA is always driven except in Tri-State Test mode. If a 
processor cycle is in progress while HOLD is sampled asserted, 
HLDA is asserted one clock edge after the last BRDY# of the 
cycle is sampled asserted. If the bus is idle, HLDA is asserted 
one clock edge after HOLD is sampled asserted. HLDA is 
negated one clock edge after the clock edge on which HOLD is 
sampled negated. 


The assertion of HLDA is independent of the sampled state of 
BOFF#. 


The processor floats the bus every clock in which HLDA is 
asserted. 


5.26 HOLD (Bus Hold Request) 


Summary 


Sampled 


Signal Descriptions 


Input 


The system logic can assert HOLD to gain control of the 
processor’s bus. When HOLD is sampled asserted, the processor 
completes the current bus cycles, floats the processor bus, and 
asserts HLDA in an acknowledgment that these events have 
been completed. 


The processor samples HOLD on every clock edge. If a 
processor cycle is in progress while HOLD is sampled asserted, 
HLDA is asserted one clock edge after the last BRDY# of the 
cycle is sampled asserted. If the bus is idle, HLDA is asserted 
one clock edge after HOLD is sampled asserted. HOLD is 
recognized while INIT and RESET are sampled asserted. 
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5.27 IGNNE# (Ignore Numeric Exception) 

Input 
Summary IGNNE#, in conjunction with the numeric error (NE) bit in 


CRO, is used by the system logic to control the effect of an 
unmasked floating-point exception on a previous floating-point 
instruction during the execution of a floating-point instruction, 
MMxX instruction, or the WAIT instruction—hereafter referred 
to as the target instruction. 


If an unmasked floating-point exception is pending and the 
target instruction is considered error-sensitive, then the 
relationship between NE and IGNNE#is as follows: 


a IfNE=0, then: 


¢ IfIGNNE#is sampled asserted, the processor ignores the 
floating-point exception and continues with the 
execution of the target instruction. 


¢ If IGNNE# is sampled negated, the processor waits until 
it samples IGNNE#, INTR, SMI#, NMI, or INIT asserted. 


If IGNNE# is sampled asserted while waiting, the 
processor ignores the floating-point exception and 
continues with the execution of the target instruction. 


If INTR, SMI#, NMI, or INIT is sampled asserted while 
waiting, the processor handles its assertion 
appropriately. 
= If NE = 1, the processor invokes the INT 10h exception 
handler. 


If an unmasked floating-point exception is pending and the 
target instruction is considered error-insensitive, then the 
processor ignores the floating-point exception and continues 
with the execution of the target instruction. 


FERR# is not affected by the state of the NE bit or IGNNE#. 
FERR# is always asserted at the instruction boundary of the 
target instruction that follows the floating-point instruction 
that caused the unmasked floating-point exception. 


This signal is provided to allow the system logic to handle 
exceptions in a manner consistent with IBM-compatible PC/AT 
systems. 
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The processor samples IGNNE# as a level-sensitive input on 
every clock edge. The system logic can drive the signal either 
synchronously or asynchronously. If it is asserted 
asynchronously, it must be asserted for a minimum pulse width 
of two clocks. 


5.28 INIT (Initialization) 


Summary 


Sampled 


Signal Descriptions 


Input 


The assertion of INIT causes the processor to empty its 
pipelines, to initialize most of its internal state, and to branch 
to address FFFF_FFFOh—the same instruction execution 
starting point used after RESET. Unlike RESET, the processor 
preserves the contents of its caches, the floating-point state, the 
MMxX state, Model-Specific Registers, the CD and NW bits of 
the CRO register, and other specific internal resources. 


INIT can be used as an accelerator for 80286 code that requires 
a reset to exit from Protected mode back to Real mode. 


INIT is sampled and latched as a rising edge-sensitive signal. 
INIT is sampled on every clock edge but is not recognized until 
the next instruction boundary. During an I/O write cycle, it 
must be sampled asserted a minimum of three clock edges 
before BRDY# is sampled asserted if it is to be recognized on 
the boundary between the I/O write instruction and the 
following instruction. 


If INIT is asserted synchronously, it can be asserted fora 
minimum of one clock. If it is asserted asynchronously, it must 
have been negated for a minimum of two clocks, followed by an 
assertion of a minimum of two clocks. 
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5.29 


Summary 


Sampled 


5.30 


Summary 


Sampled 
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INTR (Maskable Interrupt) 


Input 


INTR is the system’s maskable interrupt input to the processor. 
When the processor samples and recognizes INTR asserted, the 
processor executes a pair of interrupt acknowledge bus cycles 
and then jumps to the interrupt service routine specified by the 
interrupt number that was returned during the interrupt 
acknowledge sequence. The processor only recognizes INTR if 


the interrupt flag (IF) in the EFLAGS register equals 1. 


The processor samples INTR as a level-sensitive input on every 
clock edge, but the interrupt request is not recognized until the 
next instruction boundary. The system logic can drive INTR 
either synchronously or asynchronously. If it is asserted 
asynchronously, it must be asserted for a minimum pulse width 
of two clocks. In order to be recognized, INTR must remain 
asserted until an interrupt acknowledge sequence is complete. 


INV (Invalidation Request) 


Input 


During an inquire cycle, the state of INV determines whether 
an addressed cache line that is found in the processor’s 
instruction or data cache transitions to the invalid state or the 
shared state. 


If INV is sampled asserted during an inquire cycle, the 
processor transitions the cache line (if found) to the invalid 
state, regardless of its previous state. If INV is sampled negated 
during an inquire cycle, the processor transitions the cache line 
(if found) to the shared state. In either case, if the cache line is 
found in the modified state, the processor writes it back to 
memory before changing its state. 


INV is sampled on the clock edge on which EADS# is sampled 
asserted. 


Signal Descriptions 
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5.31 KEN# (Cache Enable) 
Input | 
Summary If KEN# is sampled asserted, it indicates that the address 


Sampled 


Signal Descriptions 


presented by the processor is cacheable. If KEN# is sampled 
asserted and the processor intends to perform a cache-line fill 
(signified by the assertion of CACHE#), the processor executes 
a 32-byte burst read cycle and expects to sample BRDY# 
asserted a total of four times. If KEN#is sampled negated 
during a read cycle, a single-transfer cycle is executed and the 
processor does not cache the data. For write cycles, CACHE# is 
asserted to indicate the current bus cycle is a modified 
cache-line writeback. KEN#is ignored during writebacks. 


If Write Cacheability Detection is enabled, the processor 
samples KEN# during write cycles to determine if the address 
of the write cycle is cacheable. Write Cacheability Detection is 
one of four conditions that enable the processor to perform 
write allocation. See “Write Allocate” on page 8-7 for 
additional details. ar 


If PCD is asserted during a bus cycle, the processor does not 
cache any data read during that cycle, regardless of the state of 
KEN#. (See “PCD (Page Cache Disable)” on page 5-29 for more 
details.) 


If the processor has sampled the state of KEN# during a cycle, 
and that cycle is aborted due to the sampling of BOFF# 
asserted, the system logic must ensure that KEN# is sampled in 
the same state when the processor restarts the aborted cycle. 


KEN#is sampled on the clock edge on which the first BRDY # or 
NA# of a read cycle is sampled asserted. If the read cycle is a 
burst, KEN# is ignored during the last three assertions of 
BRDY#. KEN#is sampled during read cycles only when 
CACHE# is asserted. 


If Write Cacheability Detection is enabled, KEN#is sampled on 


the clock edge on which the first BRDY# or NA# of a write cycle 
is sampled asserted. 
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5.32 LOCK# (Bus Lock) 


Summary 


Driven and Floated 


5-26 


Output 


The processor asserts LOCK# during a sequence of bus cycles to 
ensure that the cycles are completed without allowing other 
bus masters to intervene. Locked operations consist of two to 
five bus cycles. LOCK# is asserted during the following 
operations: — 


m Aninterrupt acknowledge sequence 


Descriptor Table accesses 

Page Directory and Page Table accesses 
XCHG instruction 

An instruction with an allowable LOCK prefix 


In order to ensure that locked operations appear on the bus and 
are visible to the entire system, any data operands addressed 
during a locked cycle that reside in the processor’s cache are 
flushed and invalidated from the cache prior to the locked 


-operation. If the cache line is in the modified state, it is written 


back and invalidated prior to the locked operation. Likewise, 
any data read during a locked operation is not cached. 


The processor ensures that LOCK# does not glitch. 


During a locked cycle, LOCK# is asserted off the same clock 
edge on which ADS# is asserted and remains asserted until the 
last BRDY# of the last bus cycle is sampled asserted. The 
processor negates LOCK# for at least one clock between 
consecutive sequences of locked operations to allow the system 
logic to arbitrate for the bus. 


LOCK# is floated off the clock edge that BOFF# is sampled 
asserted and off the clock edge that the processor asserts 
HLDA in response to HOLD. When LOCK# is floated due to 
BOFF# sampled asserted, the system logic is responsible for 
preserving the lock condition while LOCK# is in the 
high-impedance state. 


Signal Descriptions 
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5.33 M/l0# (Memory or 1/0) 


Summary 


Driven and Floated 


Signal Descriptions 


Output 


The processor drives M/IO# during a bus cycle to indicate 
whether it is addressing the memory or I/O space. If M/IO# = 1, 
the processor is addressing memory or a memory-mapped I/O 
port as the result of an instruction fetch or an instruction that 
loads or stores data. If M/IO# = 0, the processor is addressing an 
I/O port during the execution of an I/O instruction. In addition, 
M/10# is used to define other bus cycles, including interrupt 
acknowledge and special cycles. (See Table 21 on page 5-41 for 
more details.) 


M/10O# is driven off the same clock edge as ADS# and remains in 
the same state until the clock edge on which NA# or the last 
expected BRDY# of the cycle is sampled asserted. M/IO# is 
driven during memory cycles, I/O cycles, special bus cycles, and 
interrupt acknowledge cycles. 


M/IO# is floated off the clock edge that BOFF# is sampled 
asserted and off the clock edge that the processor asserts 


- HLDA in response to HOLD. 
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5.34 NA# (Next Address) 
Input 


Summary System logic asserts NA# to indicate to the processor that it is 
ready to accept another bus cycle pipelined into the previous 
bus cycle. ADS#, along with address and status signals, can be 
asserted as early as one clock edge after NA# is sampled 
asserted if the processor is prepared to start a new cycle. 
Because the processor allows a maximum of two cycles to be in 
progress at a time, the assertion of NA# is sampled while two 
cycles are in progress but ADS# is not asserted until the 
completion of the first cycle. 


Sampled NA# is sampled every clock edge during bus cycles, starting one 
clock edge after the clock edge that negates ADS#, until the 
last expected BRDY# of the last executed cycle is sampled 
asserted (with the exception of the clock edge after the clock 
edge that negates the ADS# for a second pending cycle). 
Because the processor latches NA# when sampled, the system 
logic only needs to assert NA# for one clock. 


5.35 NMI (Non-Maskable Interrupt) 
Input 


Summary When NMI is sampled asserted, the processor jumps to the 
interrupt service routine defined by interrupt number 02h. 
Unlike the INTR signal, software cannot mask the effect of NMI 
if it is sampled asserted by the processor. However, NMI is 
temporarily masked upon entering System Management Mode 
(SMM). In addition, an interrupt acknowledge cycle is not 
executed because the interrupt number is predefined. 


If NMI is sampled asserted while the processor is executing the 
interrupt service routine for a previous NMI, the subsequent 
NMI remains pending until the completion of the execution of 
the IRET instruction at the end of the interrupt service routine. 


Sampled NMI is sampled and latched as a rising edge-sensitive signal. 
During normal operation, NMI is sampled on every clock edge 
but is not recognized until the next instruction boundary. [f it is 
asserted synchronously, it can be asserted for a minimum of 
one clock. If it is asserted asynchronously, it must have been 
negated for a minimum of two clocks, followed by an assertion 
of a minimum of two clocks. 
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5.36 PCD (Page Cache Disable) 


Summary 


Driven and Floated 


Output 


The processor drives PCD to indicate the operating system’s 
specification of cacheability for the page being addressed. 
System logic can use PCD to control external caching. If PCD is 
asserted, the addressed page is not cached. If PCD is negated, 
the cacheability of the addressed page depends upon the state 
of CACHE# and KEN#. 


The state of PCD depends upon the processor’s operating mode 
and the state of certain bits in its control registers and TLB as 
follows: 


= In Real mode, or in Protected and Virtual-8086 modes while 
paging is disabled (PG bit in CRO set to 0): 


PCD output = CD bit in CRO 


e In Protected and Virtual-8086 modes while caching is 
enabled (CD bit in CRO set to 0) and paging is enabled (PG 
bit in CRO set to 1): 


* For accesses to I/O space, page directory entries, and 
other non-paged accesses: 


PCD output = PCD bit in CR3 
* For accesses to 4-Kbyte page table entries or 4-Mbyte 
pages: 
PCD output = PCD bit in page directory entry 
¢ For accesses to 4-Kbyte pages: 
PCD output = PCD bit in page table entry 


| PCD is driven off the same clock edge as ADS# and remains in 


the same state until the clock edge on which NA# or the last 
expected BRDY# of the ayes is sampled asserted. 


PCD is floated off che clock Sise that BOFF# is sampled 
asserted and off the clock edge that the processor asserts 
HLDA in response to HOLD. 





Signal Descriptions 
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5.37 


Summary 


Driven 
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PCHK# (Parity Check) 


Output 


The processor asserts PCHK# during read cycles if it detects an 
even parity error on one or more valid bytes of D[63:0] during a 
read cycle. (Even parity means that the total number of 1 bits 
within each byte of data and its respective data parity bit is 
even.) The processor checks data parity for the data bytes that 
are valid, as defined by BE[7:0]#, the byte enables. 


PCHK# is always driven but is only asserted for memory and 
I/O read bus cycles and the second cycle of an interrupt 
acknowledge sequence. PCHK# is not driven during any type of 
write cycles or special bus cycles. The processor does not take 
an internal exception as the result of detecting a data parity 
error, and system logic must respond appropriately to the 
assertion of this signal. 


The processor ensures that PCHK# does not glitch, enabling the 
signal to be used as a clocking source for system logic. 


PCHK# is always driven except in Tri-State Test mode. For 
each BRDY# returned to the processor during a read cycle with 
a parity error detected on the data bus, PCHK# is asserted for 


~ one clock, one clock edge after BRDY# is sampled asserted. 


Signal Descriptions 
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5.38 PWT (Page Writethrough) 


Summary 


Driven and Floated 





Signal Descriptions 


Output 


The processor drives PWT to indicate the operating system’s 
specification of the writeback state or writethrough state for 
the page being addressed. PWT, together with WB/WT#, 
specifies the data cache-line state during cacheable read misses 
and write hits to shared cache lines. (See “WB/WT# (Writeback 
or Writethrough)” on page 5-38 for more details.) 


The state of PWT depends upon the processor’s operating mode | 
and the state of certain bits in its control registers and TLB as 
follows: 


m In Real mode, or in Protected and Virtual-8086 modes while 
paging is disabled (PG bit in CRO set to 0): 


‘ PWT output = 0 (writeback state) 


m In Protected and Virtual-8086 modes while paging is 
enabled (PG bit in CRO set to 1): 


¢ For accesses to I/O space, page directory entries, and 
other non-paged accesses: 


PWT output = PWT bit in CR3 
* For accesses to 4-Kbyte page table entries or 4-Mbyte 
pages: 
PWT output = PWT bit in page directory entry 
¢ For accesses to 4-Kbyte pages: 
PWT output = PWT bit in page table entry 
PWT is driven off the same clock edge as ADS# and remains in 


the same state until the clock edge on which NA# or the last 
expected BRDY# of the cycle is sampled asserted. 


PWT is floated off the clock edge that BOFF# is sampled 
asserted and off the clock edge that the processor asserts 
HLDA in response to HOLD. 
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5.39 RESET (Reset) 
Input 


Summary When the processor samples RESET asserted, it immediately 
flushes and initializes all internal resources and its internal 
state including its pipelines and caches, the floating-point 
state, the MMX state, and all registers, and then the processor 
jumps to address FFFF_FFFOh to start instruction execution. 


The signals BRDYC# and FLUSH# are sampled during the 
falling transition of RESET to select the drive strength of 
selected output signals and to invoke the Tri-State Test mode, 
respectively. (See these signal descriptions for more details.) 


Sampled RESET is sampled as a level-sensitive input on every clock 
; edge. System logic can drive the signal either synchronously or 
asynchronously. 


During the initial power-on reset of the processor, RESET must 
remain asserted for a minimum of 1.0 ms after CLK and Vcc 
reach specification before it is negated. 


During a warm reset, while CLK and Vcc are within their 
specification, RESET must remain asserted for a minimum of 
15 clocks prior to its negation. 


5.40 RSVD (Reserved) 


Summary Reserved signals are a special class of pins that can be treated 
in one of the following ways: 


m As no-connect (NC) pins, in which case these pins are left 
unconnected 


m As pins connected to the system logic as defined by the 
industry-standard Pentium interface (Socket 7) 


m Any combination of NC and Socket 7 pins 


In any case, if the RSVD pins are treated accordingly, the 
normal operation of the AMD-K6 MMX enhanced processor is 
not adversely affected in any manner. 


See “Pin Designations” on page 19-1 for a list of the locations of 
the RSVD pins. 
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5.41 SCYC (Split Cycle) 
Output 


Summary The processor asserts SCYC during misaligned, locked 
transfers on the D[63:0] data bus. The processor generates 
additional bus cycles to complete the transfer of misaligned 
data. 


For purposes of bus cycles, the term aligned means: 


m Any 1-byte transfers 


m 2-byte and 4-byte transfers that lie within 4-byte address 
boundaries 


su 8-byte transfers that lie within 8-byte address boundaries 


Driven and Floated SCYC is asserted off the same clock edge as ADS#, and negated 
off the clock edge on which NA# or the last expected BRD Y# of 
the entire locked sequence is sampled asserted. SCYC is only 
valid during locked memory cycles. 


SCYC is floated off the clock edge that BOFF# is sampled 
asserted and off the clock edge that the processor asserts 
HLDA in response to HOLD. 


5.42 SMI# (System Management Interrupt) 
Input, Internal Pullup 


Summary The assertion:of SMI# causes the processor to enter System 
Management Mode (SMM). Upon recognizing SMI#, the 
processor performs the following actions, in the order shown: 


1. Flushes its instruction pipelines 
2. Completes all pending and in-progress bus cycles 


3. Acknowledges the interrupt by asserting SMIACT# after 
sampling EWBE# asserted 


4, Saves the internal processor state in SMM memory 


5. Disables interrupts by clearing the interrupt flag (IF) in 
EFLAGS and disables NMI interrupts 


6. Jumps to the entry point of the SMM service routine at the 
SMM base physical address which defaults to 0003_8000h in 
SMM memory 
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Sampled 


5.43 


Summary 


Driven 


5-34 


See “System Management Mode (SMM)” on page 10-1 for more 
details regarding SMM. 


SMI# is sampled and latched as a falling edge-sensitive signal. 
SMI# is sampled on every clock edge but is not recognized until 
the next instruction boundary. If SMI# is to be recognized on 
the instruction boundary associated with a BRDY#, it must be 
sampled asserted a minimum of three clock edges before the 
BRDY# is sampled asserted. If it is asserted synchronously, it 


’ can be asserted for a minimum of one clock. If it is asserted 


asynchronously, it must have been negated for a minimum of 
two clocks followed by an assertion of a minimum of two clocks. 


A second assertion of SMI# while in SMM is latched but is not 
recognized until the SMM service routine is exited. 


SMIACT# (System Management Interrupt Active) 


Output 


The processor acknowledges the assertion of SMI# with the 
assertion of SMIACT# to indicate that the processor has 
entered System Management Mode (SMM). The system logic 
can use SMIACT# to enable SMM memory. See “SMI# (System 
Management Interrupt)” on page 5-33 for more details. 


See “System Management Mode (SMM)” on page 10-1 for more 
details regarding SMM. 


The processor asserts SMIACT# after the last BRDY# of the last 
pending bus cycle is sampled asserted (including all pending 
write cycles) and after EWBE# is sampled asserted. SMIACT# 
remains asserted until after the last BRDY# of the last pending 
bus cycle associated with exiting SMM is sampled asserted. 


SMIACT# remains asserted during any flush, internal snoop, or 
writeback cycle due to an inquire cycle. 


Signal Descriptions 
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5.44 STPCLK# (Stop Clock) 


Summary 


Sampled 


Input, Internal Pullup 


The assertion of STPCLK# causes the processor to enter the 
Stop Grant state, during which the processor’s internal clock is 
stopped. From the Stop Grant state, the processor can 
subsequently transition to the Stop Clock state, in which the 
bus clock CLK is stopped. Upon recognizing STPCLK#, the 
processor performs the following actions, in the order shown: 


1. Flushes its instruction pipelines 
2. Completes all pending and in-progress bus cycles 


3. Acknowledges the STPCLK# assertion by executing a Stop 
Grant special bus cycle (see Table 21 on page 5-41) 


4. Stops its internal clock after BRDY# of the Stop Grant 
special bus cycle is sampled asserted and after EWBE# is 
sampled asserted 


5. Enters the Stop Clock state if the system logic stops the bus 
clock CLK (optional) 


See “Clock Control” on page 12-1 for more details regarding 
clock control. 


STPCLK# is sampled as a level-sensitive input on every clock 
edge but is not recognized until the next instruction boundary. 
System logic can drive the signal either synchronously or 
asynchronously. If it is asserted asynchronously, it must be 
asserted for a minimum pulse width of two clocks. 


STPCLK# must remain asserted until recognized, which is 
indicated by the completion of the Stop Grant special cycle. 


5.45 TCK (Test Clock) . 


Summary 


Sampled 


Signal Descriptions 


Input, Internal Pullup 


TCK is the clock for boundary-scan testing using the Test 
Access Port (TAP). See “Boundary-Scan Test Access Port 
(TAP)” on page 11-3 for details regarding the operation of the 
TAP controller. 


The processor always samples TCK, except while TRST# is 
asserted. 
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5.46 TDI (Test Data Input) 


Summary 


Sampled . 


Input, Internal Pullup 


TDI is the serial test data and instruction input for 
boundary-scan testing using the Test Access Port (TAP). See 


-“Boundary-Scan Tést Access Port (TAP)” on page 11-3 for 


details regarding the operation of the TAP controller. 


The processor samples TDI on every rising TCK edge but only 
while in the Shift-IR and Shift-DR states. 


5.47 TDO (Test Data Output) 


Summary 


Driven and Floated — 


Output 


TDO is the serial test data and instruction output for 
boundary-scan testing using the Test Access Port (TAP). See 
“Boundary-Scan Test Access Port (TAP)” on page 11-3 for. 
details regarding the operation of the TAP controller. 


‘The processor drives TDO on every falling TCK edge but only 
_ while in the Shift-IR and Shift-DR states. TDO is floated at all 


other times. 


5.48 TMS (Test Mode Select) 


Summary 


Sampled 


5-36 


Input, Internal Pullup 


TMS specifies the test function and sequence of state changes 
for boundary-scan testing using the Test Access Port (TAP). See 
“Boundary-Scan Test Access Port (TAP)” on page 11-3 for 
details regarding the operation of the TAP controller. 


The processor samples TMS on every rising TCK edge. If TMS is 
sampled High for five or more consecutive clocks, the TAP 
controller enters its Test-Logic-Reset state, regardless of the 
controller state. This action is the same as that achieved by 
asserting TRST#. 
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20695E/0—June 1997. 


Preliminary Information AMDZI 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 


5.49 TRST# (Test Reset) 


Summary 


Sampled 


Input, Internal Pullup 


The assertion of TRST# initializes the Test Access Port (TAP) 
by resetting its state machine to the Test-Logic-Reset state. See 
“Boundary-Scan Test Access Port (TAP)” on page 11-3 for 
details regarding the operation of the TAP controller. 


TRST# is a completely asynchronous input that does not 
require a minimum setup and hold time relative to TCK. See 
Table 56 on page 16-13 for the minimum pulse width 
requirement. 


5.50 VCC2DET (V cc2 Detect) 


Summary 


Driven 


Output 


VCC2DET is tied to Vgg (logic level 0) to indicate to the system 
logic that it must supply the specified processor core voltage to 
the Vcc2 pins. The Vcc? pins supply voltage to the processor 
core, independent of the voltage supplied to the I/O buffers on 
the Vec3 pins. 


VCC2DET always equals 0 and is never floated—even during 
Tri-State Test mode. 


5.51 W/R# (Write/Read) 


Summary 


Driven and Floated 


Signal Descriptions 


Output 


The processor drives W/R# to indicate whether it is performing 
a write or a read cycle on the bus. In addition, W/R# is used to 
define other bus cycles, including interrupt acknowledge and 
special cycles (see Table 21 on page 5-41 for more details). 


W/R# is driven off the same clock edge as ADS# and remains in 
the same state until the clock edge on which NA# or the last 
expected BRDY# of the cycle is sampled asserted. W/R# is 
driven during memory cycles, I/O cycles, special bus cycles, and 
interrupt acknowledge cycles. 


W/R# is floated off the clock edge that BOFF# is sampled 
asserted and off the clock edge that the processor asserts 
HLDA in response to HOLD. 
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5.52 WB/WT# (Writeback or Writethrough) 


Input 


Summary - ’  WB/WT#, together with PWT, specifies the data cache-line state 
during cacheable read misses and write hits to shared cache 
lines. 


If WB/WT# = 0 or PWT = 1 during a cacheable read miss or write 
hit to a shared cache line, the accessed line is cached in the 
shared state. This is referred to as the writethrough state 
because all write cycles to this cache line are driven externally 
on the bus. 


If WB/WT# = 1 and PWT = 0 during a cacheable read miss ora 
write hit to a shared cache line, the accessed line is cached in 
the exclusive state. Subsequent write hits to the same line 
cause its state to transition from exclusive to modified. This is 
referred to as the writeback state because the data cache can 
contain modified cache lines that are subject to be written 
back—referred as a writeback cycle—as the result of an inquire 
cycle, an internal snoop, a flush operation, or the WBINVD 
instruction. 


Sampled WB/WT# is sampled on the clock edge that the first BRDY# or 
NA# of a bus cycle is sampled asserted. If the cycle is a burst 
read, WB/WT# is ignored during the last three assertions of 
BRDY#. WB/WT# is sampled during memory read and 
non-writeback write cycles and is ignored during all other types 
of cycles. 
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Table 16. Input Pin Types 


ee a 

Rone | _Rscronous | Note _|GRWER | _Aayachronous | Note 

[AHOLD | Sycronous | ____ NT | _Asychronous | Note? 

za)__[ Synchronous | Notes [INR |__Asychronows | Note 
R 


























Nii |_Aeynhronous | Wolo? | 


| 
| 
| 
ai | 
[ser 
| 
| 
| 


EADSE wots 
EWoEF 
HOLD [—Sinehronous |__| 


These level-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 

hold times must be met. If asserted asynchronously, they must be asserted for a minimum pulse width of two clocks. 

2. These edge-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 
hold times must be met. If asserted asynchronously, they must have been negated at least two clocks prior to assertion and must 
remain asserted at least two clocks. 

3, FLUSH# is also sampled during the falling transition of RESET and can be asserted synchronously or asynchronously. To be 
sampled on a specific clock edge, setup and hold times must be met the clock edge before the clock edge on which RESET is 
sampled negated. If asserted asynchronously, FLUSH# must meet a minimum setup and hold time of two clocks relative to the 
negation of RESET. 

4. BF{2:0] are sampled during the falling transition of RESET. They must meet a minimum setup time of 1.0 ms and a minimum hold 
time of two clocks relative to the negation of RESET. 

5. During the initial power-on reset of the processor, RESET must remain asserted for a minimum of 1.0 ms after CLK and Vcc reach 
specification before it is negated. 

6. During a warm reset, while CLK and Vcc are within their specification, RESET must remain asserted for a minimum of 15 clocks 
prior to its negation. 

7. BRDYC# Is also sampled during the falling transition of RESET. If RESET is driven synchronously, BRDYC# must meet the specified 
hold time relative to the negation of RESET. If asserted asynchronously, BRDYC# must meet a minimum setup and hold time of 

two clocks relative to the negation of RESET. 


WB/WT# 














Signal Descriptions 5-39 


AMD c\ Preliminary Information 
AMD-K6é™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


Table 17. Output Pin Float Conditions 


[ame | Rontedat cet) [note [None | Rontedat te) | Nat 
[As] | WDA AHOLD, BORE | Note2.3 [TW | —__AwoysOrien |__| 
0sh | HLDABOFE® | Note WDA | Avaysbvven [|__| 
[AOSCR_[___HIDA GOFF | Note2 lock [Wa Bore | Note? | 
[°C |__AaysDrven | ——_—_‘WIOF [HOR BOF | Note? | 
sea | __HIDA.SOFFR | Note? eco | _MLOABOFE | “Note? 
mE [PCH | Avaysrven—[ 













ci —| wot — [er] — ot 
Dee | WOR BOF | Note |[scve__| __MLDABOFF—__|_Wote2 |] 
FERRE | __AwaysBrven |__| SMIACT® | _—_AbaysDrien —[_——_ 
nite [Aways rien [Jw | WUDA BORE | Note? 


Notes: 
1. All outputs except VCC2DET and TDO float during Tri-State Test mode. 

2. Floated off the clock edge that BOFF# is sampled asserted and off the clock edge that HLDA is asserted. 
3. Floated off the clock edge that AHOLD is sampled asserted. 


















Table 18. Input/Output Pin Float Conditions 


| Name | Floated At: (Note 1) | Note | 
Ce FLDA, AHOLD, BOFF# 
"AHOLD, 










HLDA, AHOLD, BOFF# 
ALDA, BOFFA 
DP|7:0) HLDA, BOFF# | Note2 | 


Notes: 
1. All outputs except VCC2DET and TDO float during Tri-State Test mode. 

2. Floated off the clock edge that BOFF4# is sampled asserted and off the clock edge that HLDA is asserted. 
3. Floated off the clock edge that AHOLD is sampled asserted. 






Table 19. Test Pins 
Sampled on the rising edge of TCK 


Driven on the falling edge of TCK 


Sampled on the rising edge of TCK 
Asynchronous (Independent of TCK) 
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Table 20. Bus Cycle Definition 


Generated by CPU nepatroe 
Bus Cycle Initiated y System 


anor [ocr | wee [cnciee | vane 
[couched naruto tcetner® [1 | 0 | o | © | 0 
CS 
[CodeRead Novacheable ———~d| 1 fe |» |x | 4 


Encoding for Special Cycle 
Interrupt Acknowledge 


=e 
aa 

O Write | 0 
Memory Read, Data Cache Line Fill | oe 
Memory Read, Noncacheable 1 | 
Memory Read, Noncacheable Pot 
Memory Write, Data Cache Writeback Phe | 
Memory Write, Noncacheable ae 


z =/= 

=) (o) 

oe 

“ =] 
o 
o 
a 


x means “don't care” 





Table 21. Special Cycles 


, p23 % 
ee TE Me po Ve aT [ioe 
Flush Acknowledge 
ear ele Te 
pani 


ate 

Writeback 

(WBINVD instruction) po] a 
Ce ERED ES ERS ER ES 
pot 





Flush (INVD, WBINVD 
sn EOUCR OURO boe 
putt trpatitrfofofofii ad «| 


Note: 
X means “don't care” 
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6 Bus Cycles 


The following sections describe and illustrate the timing and 
relationship of bus signals during various types of bus cycles. A 
representative set of bus cycles is illustrated. 


6.1 Timing Diagrams 


Bus Cycles 


The timing diagrams illustrate the signals on the external local 
bus as a function of time, as measured by the bus clock (CLK). 
Throughout this chapter, the term clock refers to a signal 
bus-clock cycle. A clock extends from one rising CLK edge to 
the next rising CLK edge. The processor samples and drives 
most signals relative to the rising edge of CLK. The exceptions 
to this rule include the following: 


a BF[2:0]—Sampled on the falling edge of RESET 


= FLUSH#, BRDYC#—Sampled on the falling edge of RESET, 
also sampled on the rising edge of CLK 


s All inputs and outputs are sampled relative to TCK in 
Boundary-Scan Test Mode. Inputs are sampled on the rising 
edge of TCK, outputs are driven off of the falling edge of 
TCK. 


For each signal in the timing diagrams, the High level 
represents 1, the Low level represents 0, and the Middle level 
represents the floating (high-impedance) state. When both the 
High and Low levels are shown, the meaning depends on the 
signal. A single signal indicates ‘don’t care’. In the case of bus 
activity, if both High and Low levels are shown, it indicates the 
processor, alternate master, or system logic is driving a value, 
but this value may or may not be valid. (For example, the value 
on the address bus is valid only during the assertion of ADS#, 
but addresses are also driven on the bus at other times.) Figure 
44 defines the different waveform representations. 
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Description 


Don't care or bus is driven 
Signal or bus is changing from Low to High 


Signal or bus is changing from High to Low 
Bus is changing 


Bus is changing from valid to invalid 
Signal or bus is floating 


Denotes multiple clock periods 


Figure 44. Waveform Definitions 


For all active-High signals, the term asserted means the signal is 
in the High-voltage state and the term negated means the signal 
is in the Low-voltage state. For all active-Low signals, the term 
asserted means the signal is in the Low-voltage state and the 
term negated means the signal is in the High-voltage state. 


Bus Cycles 
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6.2 Bus State Machine Diagram 


[| Bus State 
Addr <> Branch Condition 


Address 
Data 


Yes Last BRDY# No 
Asserted? 









Pending 
Request? 








Data-NA# 


Data-NA# 
Requested 












Pipeline 
Address 









Pipeline 
Data 


Trans 


Note: The processor transitions to the IDLE state the clock edge on which BOFF# or RESET is sampled asserted. 


No 





Bus Transition? 





No 


Figure 45. Bus State Machine Diagram 
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Idle 


Address 


Data 


Data-NA# Requested 


Pipeline Address 
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The processor does not drive the system bus in the Idle state 
and remains in this state until a new bus cycle is requested. The 
processor enters this state off the clock edge on which the last 
BRDY# of a cycle is sampled asserted during the following 
conditions: 


m The processor is in the Data state 


m The processor is in the Data-NA# Requested state and no 
internal pending cycle is requested 


In addition, the processor is forced into this state when the 
system logic asserts RESET or BOFF#. The transition to this 
state occurs on the clock edge on which RESET or BOFF# is 
sampled asserted. 


In this state, the processor drives ADS# to indicate the 
beginning of a new bus cycle by validating the address and 
control signals. The processor remains in this state for one 
clock and unconditionally enters the data state on the next 
clock edge. 


In the Data state, the processor drives the data bus during a 
write cycle or expects data to be returned during a read cycle. 
The processor remains in this state until either NA# or the last 
BRDY# is sampled asserted. If the last BRDY# is sampled 
asserted or both the last BRDY# and NA# are sampled asserted 
on the same clock edge, the processor enters the Idle state. If 
NA# is sampled asserted first, the processor enters the 
Data-NA# Requested state. 


If the processor samples NA# asserted while in the Data state 
and the current bus cycle is not completed (the last BRDY# is 
not sampled asserted), it enters the Data-NA# Requested state. 
The processor remains in this state until either the last BRDY# 
is sampled asserted or an internal pending cycle is requested. If 
the last BRDY# is sampled asserted before the processor drives 
a new bus cycle, the processor enters the Idle state (no internal 
pending cycle is requested) or the Address state (processor has 
a internal pending cycle). 


In this state, the processor drives ADS# to indicate the 
beginning of a new bus cycle by validating the address and 
control signals. In this state, the processor is still waiting for the . 
current bus cycle to be completed (until the last BRDY# is 
sampled asserted). If the last BRDY# is not sampled asserted, 


Bus Cycles 
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Pipeline Data 


Transition 
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the processor enters the pipeline data state and continues to 
sample BRDY# until the last BRDY# is asserted to indicate the 
current bus cycle has completed. 


When processor samples the last BRD Y# asserted in this state, 
it determines if a bus transition is required between the 
current bus cycle and the pipelined bus cycle. A bus transition 
is required when the data bus direction changes between bus 
cycles, such as a memory write cycle followed by a memory 
read cycle. If a bus transition is required, the processor enters 
the Transition state for one clock to prevent data bus 
contention. If a bus transition is not required, the processor 
enters the Data state. 


Two bus cycles are concurrently executing in this state. The 
processor cannot issue any additional bus cycles until the 
current bus cycle is completed. The processor drives the data 
bus during write cycles or expects data to be returned during 
read cycles for the current bus cycle until the last BRD Y# of the 
current bus cycle is sampled asserted. 


When the processor samples the last BRDY# asserted in this 
state, it detects if a bus transition is needed between the 
current bus cycle and the pipelined bus cycle. If the bus 
transition is needed, the processor enters the Transition state 
for one clock to prevent data bus contention. If the bus 
transition is not needed, the processor enters the Data state. 


The processor enters this state for one clock during data bus 
transitions and enters the Data state on the next clock edge if 
NA# is not sampled asserted. The sole purpose of this state is to 
avoid bus contention caused by bus transitions during pipeline 
operation. 





AMD<a@ 


Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0~June 1997 


6.3 Memory Reads and Writes 


Single-Transfer 
Memory Read and 
Write 


The AMD-K6 MMX enhanced processor performs single or 
burst memory bus cycles. The single-transfer memory bus cycle 
transfers 1, 2, 4, or 8 bytes and requires a minimum of two 
clocks. Misaligned instructions or operands result in a split 
cycle, which requires multiple transactions on the bus. A burst 
cycle consists of four back-to-back 8-byte (64-bit) transfers on 
the data bus. 


Figure 46 shows a single-transfer read from memory, followed 
by two single-transfer writes to memory. For the memory read 
cycle, the processor asserts ADS# for one clock to validate the 
bus cycle and also drives A[31:3], BE[7:0]#, D/C#, W/R#, and 
M/IO# to the bus. The processor then waits for the system logic 
to return the data on D[63:0] (with DP[7:0] for parity checking) 
and assert BRDY#. The processor samples BRDY# on every 
clock edge starting with the clock edge after the clock edge that 
negates ADS#. See “BRD Y# (Burst Ready)” on page 5-10. 


During the read cycle, the processor drives PCD, PWT, and 
CACHE+# to indicate its caching and cache-coherency intent for 
the access. The system logic returns KEN# and WB/WT# to 
either confirm or change this intent. If the processor asserts 
PCD and negates CACHE#, the accesses are non-cacheable, 
even though the system logic asserts KEN# during the BRDY# 
to indicate its support for cacheability. The processor (which 
drives CACHE#) and the system logic (which drives KEN#) 
must agree in order for an access to be cacheable. 


The processor can drive another cycle (in this example, a write 
cycle) by asserting ADS# off the next clock edge after BRDY# is 
sampled asserted. Therefore, an idle clock is guaranteed 
between any two bus cycles. The processor drives D[63:0] with 
valid data one clock edge after the clock edge on which ADS# is 
asserted. To minimize CPU idle times, the system logic stores the 
address and data in write buffers, returns BRDY#, and performs 
the store to memory later. If the processor samples EWBE# 
negated during a write cycle, it suspends certain activities until 
EWBE# is sampled asserted. See “EWBE# (External Write 
Buffer Empty)” on page 5-17. In Figure 46, the second write cycle 
occurs during the execution of a serializing instruction. The 
processor delays the following cycle until EWBE# is sampled 
asserted. 
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Write Cycle (Next Cycle Delayed by EWBE#) 
ADDR DATA DATA IDLE IDLE IDLE IDLE IDLE | ADDR 


Read Cycle 
ADDR DATA IDLE 


Write Cycle 
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Figure 46. Non-Pipelined Single-Transfer Memory Read/Write and Write Delayed by EWBE# 
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Misaligned 
Single-Transfer 
Memory Read and 
Write 
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Figure 47 shows a misaligned (split) memory read followed bya 
misaligned memory write. Any cycle that is not aligned as 
defined in “SCYC (Split Cycle)” on page 5-33 is considered 
misaligned. When the processor encounters a misaligned 
access, it determines the appropriate pair of bus cycles—each 
with its own ADS# and BRDY#— required to complete the 
access. 


The AMD-K6 processor performs misaligned memory reads and 


‘memory writes using least-significant bytes (LSBs) first 


followed by most-significant bytes (MSBs). Table 22 shows the 
order. In the first memory read cycle in Figure 47, the processor 
reads the least-significant bytes. Immediately after the 
processor samples BRDY# asserted, it drives the second bus 
cycle to read the most-significant bytes to complete the 
misaligned transfer. 


Table 22. Bus-Cycle Order During Misaligned Transfers 


Type of Access First Cycle Second SS 
Memory Read 
ienay Wie —[ se | is 


Similarly, the misaligned memory write cycle in Figure 47 
transfers the LSBs to the memory bus first. In the next cycle, 
after the processor samples BRDY# asserted, the MSBs are 
written to the memory bus. . 
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Memory Write (Misaligned) 
ADDR DATA DATA DATA IDLE ADDR DATA DATA DATAIDLE 
| oe | 


Memory Read (Misaligned) 


ADDR DATA DATA IDLE ape DATA hi IDLE 
! ‘ | 
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| a | =o 

A[31:3] a Se a | | | 

a a ; 
! i | | | 


ADS# | 
oe fat Gee 
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D[63:0] 
BRDY# 



































Figure 47. Misaligned Single-Transfer Memory Read and Write 
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Burst Reads and 
Pipelined Burst Reads 
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Figure 48 shows normal burst read cycles and a pipelined burst 
read cycle. The AMD-K6 drives CACHE# and ADS# together to 
specify that the current bus cycle is a burst cycle. If the 
processor samples KEN# asserted with the first BRDY#, it 
performs burst transfers. During the burst transfers, the system 
logic must ignore BE[7:0]# and must return all eight bytes 
beginning at the starting address the processor asserts on 
A[31:3]. Depending on the starting address, the system logic 
must determine the successive quadword addresses (A[4:3]) for 
each transfer in a burst, as shown in Table 23. The processor 
expects the second, third, and fourth quadwords to occur in the 
sequences shown in Table 23. 


Table 23. A[4:3] Address-Generation Sequence During Bursts 


Address Driven By A[4:3] Addresses of Subsequent 
Processor on A[4:3] Quadwords* Generated By System Logic 
Quadword 3 


* quadword = 8 bytes 





In Figure 48, the processor drives CACHE# throughout all burst 
read cycles. In the first burst read cycle, the processor drives 
ADS# and CACHE#, then samples BRDY# on every clock edge 
starting with the clock edge after the clock edge that negates 
ADS#. The processor samples KEN# asserted on the clock edge 
on which the first BRDY# is sampled asserted, executes a 
32-byte burst read cycle, and expects to sample BRDY# a total 
of four times. An ideal no-wait state access is shown in Figure 
48, whereas most system logic solutions add wait states 
between the transfers. 


The second burst read cycle illustrates a similar sequence, but 
the processor samples NA# asserted on the same clock edge 
that the first BRDY# is sampled asserted. NA# assertion 
indicates the system logic is requesting the processor to output 
the next address early (also known as a pipeline transfer 
request). Without waiting for the current cycle to complete, the 
processor drives ADS# and related signals for the next burst 
cycle. Pipelining can reduce CPU cycle-to-cycle idle times. 
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ADDR DATA DATA DATA, DATA IDLE | ADDR DATA DATA, NK PIPE-A DATA DATA DATA DATA IDLE 
| | 














Figure 48. Burst Reads and Pipelined Burst Reads 


Bus Cycles 6-11 


AMD<¢d\ 


Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


Burst Writeback . 
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Figure 49 shows a burst read followed by a writeback 
transaction. The AMD-K6 processor initiates writebacks under 
the following conditions: — 


u Replacement—lIf a cache-line fill is initiated for a cache line 
currently filled with valid entries, the processor uses a 
least-recently-allocated (LRA) algorithm to select a line for 
replacement. Before a replacement is made to a data cache 
line that is in the modified state, the modified line is 
scheduled to be'written back to memory. 


a Internal Snoop—The processor snoops the data cache 
whenever an instruction-cache line is read, and it snoops the 
instruction cache whenever a data cache line is written. This 
snooping is performed to determine whether the same 
address is stored in both caches, a situation that is taken to 
imply the occurrence of self-modifying code. If a snoop hitsa 
data cache line in the modified state, the line is written back 
to memory before being invalidated. 


us WBINVD Instruction—When the processor executes a 
WBINVD instruction, it writes back all modified lines in the 
data cache and then invalidates all lines in both caches. 


= Cache Flush—When the processor samples FLUSH# 
asserted, it executes a flush acknowledge special cycle and 
writes back all modified lines in the data cache and then 
invalidates all lines in both caches. 


The processor drives writeback cycles during inquire or cache 
flush cycles. The writeback shown in Figure 49 is caused by a 
cache-line replacement. The processor completes the burst 
read cycle that fills the cache line. Immediately following the 
burst read cycle is the burst writeback cycle that represents the 
modified line to be written back to memory. D[63:0] are driven 
one clock edge after the clock edge on which ADS# is asserted 
and are subsequently changed off the clock edge on which each 
BRDY# assertion of the burst cycle is sampled. 
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Burst Writeback from L1 Cache 
ADDR DATA DATA DATA DATA IDLE 


Burst Read 
ADDR DATA ; DATA DATA | DATA | IDLE 
i | 











CLK 4 





Figure 49. Burst Writeback due to Cache-Line Replacement 
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6.4 I/O Read and Write 


Basic I/O Read and The processor accesses I/O when it executes an J/O instruction 

Write (for example, IN or OUT). Figure 50 shows an I/O read followed 
by an I/O write. The processor drives M/IO# Low and D/C# High 
during I/O cycles. In this example, the first cycle shows a single 
wait state I/O read cycle. It follows the same sequence asa 
single-transfer memory read cycle. The processor drives ADS# 
to initiate the bus cycle, then it samples BRD Y# on every clock 
edge starting with the clock edge after the clock edge that 
negates ADS#. The system logic must return BRDY# to 
complete the cycle. When the processor samples BRDY# 
asserted, it can assert ADS# for the next cycle off the next clock 
edge. (In this example, an I/O write cycle.) 


The I/O write cycle is similar to a memory write cycle, but the 
processor drives M/IO# low during an I/O write cycle. The 
processor asserts ADS# to initiate the bus cycle. The processor 
drives D[63:0] with valid data one clock edge after the clock 
edge on which ADS# is asserted. The system logic must assert 
BRDY# when the data is properly stored to the I/O destination. 
The processor samples BRDY# on every clock edge starting 
with the clock edge after the clock edge that negates ADS#. In 
this example, two wait states are inserted while the processor 
waits for BRDY# to be asserted. 


/O Read Cycle /O Write Cycle 

_ ADDR DATA DATA IDLE ADDR DATA DATA DATA IDLE 

| | | | | | | | | 

a | | 

A[31:3] SSS! AS LAR RPC, Sa SES 9 
eS | | 
BEF Ss 
| | | | | 
ADS# ! | | 


M/lO# 3 ! | | | | 
D/C# : i i | 
W/R# : | | 


} 
| 
H 
i \ 
{ ' i j H H : 
; j i | ! i | 
i 
i 
i 


CLK 














D[63:0] am 
BRDY# ) : | 





Figure 50. Basic I/O Read and Write 
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Table 24 shows the misaligned I/O read and write cycle order 
executed by the AMD-K6. In Figure 51, the least-significant 
bytes (LSBs) are transferred first. Immediately after the 
processor samples BRDY# asserted, it drives the second bus 
cycle to transfer the most-significant bytes (MSBs) to complete 
the misaligned bus cycle. 


Table 24. Bus-Cycle Order During Misaligned I/O Transfers 


Type of Access First Cycle Second Cycle 
VO Read 
yownte [ses =i SSCS 







Misaligned I/O Read . Misaligned I/O Write 











Figure 51. Misaligned I/O Transfer 
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6.5 Inquire and Bus Arbitration Cycles 


Hold and Hold 
Acknowledge Cycle 
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The AMD-K6 MMX enhanced processor provides built-in 
level-one data and instruction caches. Each cache is 32 Kbytes 
and two-way set-associative. The system logic or other bus 
master devices can initiate an inquire cycle to maintain 
cache/memory coherency. In response to the inquire cycle, the 
processor compares the inquire address with its cache tag 
addresses in both caches, and, if necessary, updates the MESI 
state of the cache line and performs writebacks to memory. 


An inquire cycle can be initiated by asserting AHOLD, BOFF#, 
or HOLD. AHOLD is exclusively used to support inquire cycles. 
During AHOLD-initiated inquire cycles, the processor only 
floats the address bus. BOFF# provides the fastest access to the 
bus because it aborts any processor cycle that is in-progress, 
whereas AHOLD and HOLD both permit an in-progress bus 
cycle to complete. During HOLD-initiated and BOFF#-initiated 
inquire cycles, the processor floats all of its bus-driving signals. 


The system logic or another bus device can assert HOLD to 
initiate an inquire cycle or to gain full control of the bus. When 
the AMD-K6 processor samples HOLD asserted, it completes 
any in-progress bus cycle and asserts HLDA to acknowledge 
release of the bus. The processor floats the following signals off 
the same clock edge that HLDA is asserted: 

A[31:3] DP[7:0] 

ADS# LOCK# 

AP# M/IO# 

BE[7:0]# PCD 

CACHE# PWT 

D[63:0] SCYC 

D/C# W/R# 


Figure 52 shows a basic HOLD/HLDA operation. In this 
example, the processor samples HOLD asserted during the 
memory read cycle. It continues the current memory read cycle 
until BRDY# is sampled asserted. The processor drives HLDA 
and floats its outputs one clock edge after the last BRDY# of the 
cycle is sampled asserted. The system logic can assert HOLD for 
as long as it needs to utilize the bus. The processor samples 
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HOLD on every clock edge but does not assert HLDA until any 
in-progress cycle or sequence of locked cycles is completed. 


When the processor samples HOLD negated during a hold 
acknowledge cycle, it negates HLDA off the next clock edge. 
The processor regains control of the bus and can assert ADS# 
off the same clock edge on which HLDA is negated. 
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Figure 52. Basic HOLD/HLDA Operation 
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Inquire Hit to Shared 
or Exclusive Line 
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Figure 53 shows a HOLD-initiated inquire cycle. In this 
example, the processor samples HOLD asserted during the 
burst memory read cycle. The processor completes the current 
cycle (until the last expected BRDY# is sampled asserted), 
asserts HLDA and floats its outputs as described on page 6-16. 


The system logic drives an inquire cycle within the hold 
acknowledge cycle. It asserts EADS#, which validates the 
inquire address on A[31:5]. If EADS# is sampled asserted 
before HOLD is sampled negated, the processor recognizes it as 
a valid inquire cycle. 


In Figure 53, the processor asserts HIT# and negates HITM# on 
the clock edge after the clock edge on which EADS# is sampled 
asserted, indicating the current inquire cycle hit a shared or 
exclusive cache line. (Shared and exclusive cache lines in the 
processor data or instruction cache have the same contents as 
the data in the external memory.) During an inquire cycle, the 
processor samples INV to determine whether the addressed 
cache line found in the processor’s instruction or data cache 
transitions to the invalid state or the shared state. In this 
example, the processor samples INV asserted with EADS#, 
which invalidates the cache line. 


The system logic can negate HOLD off the same clock edge on 
which EADS# is sampled asserted. The processor continues 
driving HIT# in the same state until the next inquire cycle. 
HITM+# is not asserted unless HIT# is asserted. 
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Figure 53. HOLD-Initiated Inquire Hit to Shared or Exclusive Line 
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Figure 54 shows the same sequence as Figure 53, but in Figure 
54 the inquire cycle hits a modified line and the processor 
asserts both HIT# and HITM#. In this example, the processor 
performs a writeback cycle immediately after the inquire cycle. 
It updates the modified cache line to the external memory 
(normally, level-two cache or DRAM). The processor uses the 
address (A[31:5]) that was latched during the inquire cycle to 
perform the writeback cycle. The processor asserts HITM# 
throughout the writeback cycle and negates HITM# one clock 
edge after the last expected BRDY# of the writeback is 
sampled asserted. 


When the processor samples EADS# during the inquire cycle, it 
also samples INV to determine the cache line MESI state after 
the inquire cycle. If INV is sampled asserted during an inquire 
cycle, the processor transitions the line (if found) to the invalid 
state, regardless of its previous state. The cache line 
invalidation operation is not visible on the bus. If INV is 
sampled negated during an inquire cycle, the processor 
transitions the line (if found) to the shared state. In Figure 54 
the processor samples INV asserted during the inquire cycle. 


In a HOLD-initiated inquire cycle, the system logic can negate 
HOLD off the same clock edge on which EADS# is sampled 
asserted. The processor drives HIT# and HITM# on the clock 
edge after the clock edge on which EADS# is sampled asserted. 
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Figure 54. HOLD-Initiated Inquire Hit to Modified Line 
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inquire cycles. To allow the system to drive the address bus 
during an inquire cycle, the processor floats A[31:3] and AP off 
the clock edge on which AHOLD is sampled asserted. The data 
bus and all other control and status signals remain under the 
control of the processor and are not floated. This functionality 
allows a bus cycle in progress when AHOLD is sampled 
asserted to continue to completion. The processor resumes 
driving the address bus off the clock edge on which AHOLD is 
sampled negated. 


In Figure 55, the processor samples AHOLD asserted during the 


‘memory burst read cycle, and it floats the address bus off the 


same clock edge on which it samples AHOLD asserted. While 
the processor still controls the bus, it completes the current 
cycle until the last expected BRDY# is sampled asserted. The 
system logic drives EADS# with an inquire address on A[31:5] 
during an inquire cycle. The processor samples EADS# asserted 
and compares the inquire address to its tag address in both the 
instruction and data caches. In Figure 55, the inquire address 
misses the tag address in the processor (both HIT# and HITM# 
are negated). Therefore, the processor proceeds to the next 
cycle when it samples AHOLD negated. (The processor can 
drive a new cycle by asserting ADS# off the same clock edge 
that it samples AHOLD negated.) 


For an AHOLD-initiated inquire cycle to be recognized, the 
processor must sample AHOLD asserted for at least two 
consecutive clocks before it samples EADS# asserted. If the 
processor detects an address parity error during an inquire 
cycle, APCHK# is asserted for one clock. The system logic must 
respond appropriately to the assertion of this signal. 
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Figure 55. AHOLD-Initiated Inquire Miss 
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In Figure 56, the processor asserts HIT# and negates HITM# off 
the clock edge after the clock edge on which EADS# is sampled 
asserted, indicating the current inquire cycle hits either a 
shared or exclusive line. (HIT# is driven in the same state until 
the next inquire cycle.) The processor samples INV asserted 
during the inquire cycle and transitions the line to the invalid 
state regardless of its previous state. ; 


During an AHOLD-initiated inquire cycle, the processor 
samples AHOLD on every clock edge until it is negated. In 
Figure 56, the processor asserts ADS# off the same clock on 
which AHOLD is sampled negated. If the inquire cycle hits a 
modified line, the processor performs a writeback cycle before 
it drives a new bus cycle. The next section describes the 
AHOLD-initiated inquire cycle that hits a modified line. 
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Figure 56. AHOLD-Initiated Inquire Hit to Share or Exclusive Line 
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Figure 57 shows an AHOLD-initiated inquire cycle that hits a 


modified line. During the inquire cycle in this example, the 
processor asserts both HIT# and HITM# on the clock edge after 
the clock edge that it samples EADS# asserted. This condition 
indicates that the cache line exists in the processor’s data cache 
in the modified state. 


If the inquire cycle hits a modified line, the processor performs 
a writeback cycle immediately after the inquire cycle to update 
the modified cache line to shared memory (normally level-two 
cache or DRAM). In Figure 57, the system logic holds AHOLD 
asserted throughout the inquire cycle and the processor 
writeback cycle. In this case, the processor is not driving the 
address bus during the writeback cycle because AHOLD is 
sampled asserted. The system logic writes the data to memory 
by using its latched copy of the inquire cycle address. If the 
processor samples AHOLD negated before it performs the 
writeback cycle, it drives the writeback cycle by using the 
address (A[31:5]) that it latched during the inquire cycle. 


If INV is sampled asserted during an inquire cycle, the 
processor transitions the line (if found) to the invalid state, 
regardless of its previous state (the cache invalidation 
operation is not visible on the bus). If INV is sampled negated 
during an inquire cycle, the processor transitions the line (if 
found) to the shared state. In either case, if the line is found in 
the modified state, the processor writes it back to memory 
before changing its state. Figure 57 shows that the processor 
samples INV asserted during the inquire cycle and invalidates 
the cache line after the inquire cycle. 
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Figure 57. AHOLD-Initiated Inquire Hit to Modified Line 


Bus Cycles 6-27 


AMDiI 


Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


AHOLD Restriction 


6-28 


When the system logic drives an AHOLD-initiated inquire 
cycle, it must assert AHOLD for at least two clocks before it 
asserts EADS#. This requirement guarantees the processor 
recognizes and responds to the inquire cycle properly. The 
processor’s 32 address bus drivers turn on almost immediately 
after AHOLD is sampled negated. If the processor switches the 
data bus (D[63:0] and DP[7:0]) during a write cycle off the same 
clock edge that switches the address bus (A[31:3] and AP), the 
processor switches 102 drivers simultaneously, which can lead 
to ground-bounce spikes. Therefore, before negating AHOLD 
the following restrictions must be observed by the system logic: 


m When the system logic negates AHOLD during a write cycle, 
it must ensure that AHOLD is not sampled negated on the 
clock edge on which BRDY# is sampled asserted (See Figure 
58). 

m When the system logic negates AHOLD during a writeback 
cycle, it must ensure that AHOLD is not sampled negated on 
the clock edge on which ADS# is negated (See Figure 58). 


m When a write cycle is pipelined into a read cycle, AHOLD 
must not be sampled negated on the clock edge after the 
clock edge on which the last BRDY# of the read cycle is 
sampled asserted to avoid the processor simultaneously 
driving the data bus (for the pending write cycle) and the 
address bus off this same clock edge. 
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BOFF# provides the fastest response among bus-hold inputs. 
Either the system logic or another bus master can assert BOFF# 
to gain control of the bus immediately. BOFF# is also used to 
resolve potential deadlock problems that arise as a result of 
inquire cycles. The processor samples BOFF# on every clock 
edge. If BOFF# is sampled asserted, the processor 
unconditionally aborts any cycles in progress and transitions to 
a bus hold state. (See “BOFF# (Backoff)” on page 5-9.) Figure 
59 shows a read cycle that is aborted when the processor 
samples BOFF# asserted even though BRDY# is sampled 
asserted on the same clock edge. The read cycle is restarted 
after BOFF# is sampled negated (KEN# must be in the same 
state during the restarted cycle as its state during the aborted 
cycle). 


During a BOFF#-initiated inquire cycle that hits a shared or 
exclusive line, the processor samples BOFF# negated and 
restarts any bus cycle that was aborted when BOFF# was 
asserted. If a BOFF#-initiated inquire cycle hits a modified line, 
the processor performs a writeback cycle before it restarts the 
aborted cycle. 


If the processor samples BOFF# asserted on the same clock 
edge that it asserts ADS#, ADS# is floated but the system logic 
may erroneously interpret ADS# as asserted. In this case, the 
system logic must properly interpret the state of ADS# when 
BOFF# is negated. 
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Figure 59. BOFF# Timing 
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The processor asserts LOCK# during a sequence of bus cycles to 
ensure the cycles are completed without allowing other bus 
masters to intervene. Locked operations can consist of two to 
five cycles. LOCK# is asserted during the following operations: 


An interrupt acknowledge sequence 
Descriptor Table accesses | 

Page Directory and Page Table accesses 
XCHG instruction 

An instruction with an allowable LOCK prefix 


In order to ensure that locked operations appear on the bus and 
are visible to the entire system, any data operands addressed 
during a locked cycle that reside in the processor’s cache are 
flushed and invalidated from the cache prior to the locked 
operation. If the cache line is in the modified state, it is written 
back and invalidated prior to the locked operation. Likewise, 
any data read during a locked operation is not cached. The 
processor negates LOCK# for at least one clock between 
consecutive sequences of locked operations to allow the system 
logic to arbitrate for the bus. 


The processor asserts SCYC during misaligned locked transfers 
on the D[63:0] data bus. The processor generates additional bus 
cycles to complete the transfer of misaligned data. 


Figure 60 shows a pair of read-write bus cycles. It represents a 
typical read-modify-write locked operation. The processor 
asserts LOCK# off the same clock edge that it asserts ADS# of 
the first bus cycle in the locked operation and holds it asserted 
until the last expected BRDY# of the last bus cycle in the 
locked operation is sampled asserted. (The processor negates 
LOCK# off the same clock edge.) 


Bus Cycles 





Preliminary Information AMDZI 
20695E/0—June 1997 AMD-K6™ MMX™ Enhanced Processor Data Sheet 


Locked Write Cycle 
nUpK DATA DATA DATA IDLE IDLE 


Locked Read Cycle 


| ADDR DATA DATA DATA IDLE, IDLE ADDR 
CLK 1 i 








tee wy pee Gee 


A313] oe a ee es 
| a ae a ees ae 
2 eS a SS 5 A EO 



































Figure 60. Basic Locked Operation 
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Figure 61 shows BOFF# asserted within a locked read-write 
pair of bus cycles. In this example, the processor asserts LOCK# 
with ADS# to drive a locked memory read cycle followed by a 
locked memory write cycle. During the locked memory write 
cycle in this example, the processor samples BOFF# asserted. 
The processor immediately aborts the locked memory write -— 
cycle and floats all its bus-driving signals, including LOCK#. 
The system logic or another bus master can initiate an inquire 
cycle or drive a new bus cycle one clock edge after the clock 
edge on which BOFF# is sampled asserted. If the system logic 
drives a BOFF#-initiated inquire cycle and hits a modified line, 
the processor performs a writeback cycle before it restarts the 
locked cycle (the processor asserts LOCK# during the 
writeback cycle). 


In Figure 61, the processor immediately restarts the aborted 
locked write cycle by driving the bus off the clock edge on 
which BOFF# is sampled negated. The system logic must ensure 
the processor results for interrupted and uninterrupted locked 
cycles are consistent. That is, the system logic must guarantee 
the memory accessed by the processor is not modified during 
the time another bus master controls the bus. 
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Figure 61. Locked Operation with BOFF# Intervention 
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In response to recognizing the system’s maskable interrupt 
(INTR), the processor drives an interrupt acknowledge cycle at 
the next instruction boundary. During an interrupt 
acknowledge cycle, the processor drives a locked pair of read 
cycles as shown in Figure 62. The first read cycle is not 
functional, and the second read cycle returns the interrupt 
number on D[7:0] (00h-FFh). Table 25 shows the state of the 
signals during an interrupt acknowledge cycle. 


Table 25. Interrupt Acknowledge Operation Definition 


Processor Outputs | First Bus Cycle Second Bus Cycle 
Det 


iO 
ee 






BE[7:0]# FEh (low byte enabled) 


: 0000_0000h 0000_0000h 


: ; Interrupt number expected from interrupt 
Diese) (ignored) controller on D{7:0] 


The system logic can drive INTR either synchronously or 
asynchronously. If it is asserted asynchronously, it must be 
asserted for a minimum pulse width of two clocks. To ensure it 
is recognized, INTR must remain asserted until an interrupt 
acknowledge sequence is complete. 


> 
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Figure 62. Interrupt Acknowledge Operation 


Bus Cycles 6-37 


AMDZI Preliminary Information 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 
6.6 Special Bus Cycles 


Basic Special Bus 
Cycle 


6-38 


The AMD-K6 MMX enhanced processor drives special bus 
cycles that include stop grant, flush acknowledge, cache 
writeback invalidation, halt, cache invalidation, and shutdown 
cycles. During all special cycles, D/C# = 0, M/IO# = 0, and 
W/R# = 1. BE[7:0]# and A[31:3] are driven to differentiate 
among the special cycles, as shown in Table 26. The system 
logic must return BRDY# in response to all processor special 
cycles. 


Table 26. Encodings For Special Bus Cycles 


aaron | Aes [spedalowede| ue 
[Fah [10 _[StopGrant___[ STPCLK sampled are 
[eri | 00b | FshAdnoniedge FLUSH sampled ssered_ 
CF ob —|Weback | WAINVDInstucion 
Feh_[—oob [ak ———_—_—( i Tinsrucion 
Fon | 006 | Fush | AVOID instruction 
—Feh—[—oob [shutdown | nefouk 


Note: 
* Al31:5] =0 
















Figure 63 shows a basic special bus cycle. The processor drives 
D/C# = 0, M/IO# = 0, and W/R# = 1 off the same clock edge that 
it asserts ADS#. In this example, BE[7:0]# = FBh and A[31:3] = 
0000_0000h, which indicates that the special cycle is a halt 
special cycle (See Table 26). A halt special cycle is generated 
after the processor executes the HLT instruction. 


If the processor samples FLUSH# asserted, it writes back any 
data cache lines that are in the modified state and invalidates 
all lines in the instruction and data cache. The processor then 
drives a flush acknowledge special cycle. 


If the processor executes a WBINVD instruction, it drives a 
writeback special cycle after the processor completes 
invalidating and writing back the cache lines. 
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Figure 63. Basic Special Bus Cycle (Halt Cycle) 
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Shutdown Cycle In Figure 64, a shutdown (triple fault) occurs in the first half of 
the waveform, and a shutdown special cycle follows in the 
second half. The processor enters shutdown when an interrupt - 
or exception occurs during the handling of a double fault (INT 
8), which amounts to a triple fault. When the processor 
encounters a triple fault, it stops its activity on the bus and 
generates the shutdown special bus cycle (BE[7:0]# = FEh). 


The system logic must assert NMI, INIT, RESET, or SMI# to get 
the processor out of the shutdown state. | 


Shutdown Occurs Shutdown Special Cycle 
(Triple Fault) 
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Figure 64. Shutdown Cycle 
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Figure 65 and Figure 66 show the processor transition from 
normal execution to the Stop Grant state, then to the Stop 
Clock state, back to the Stop Grant state, and finally back to 
normal execution. The series of transitions begins when the 
processor samples STPCLK# asserted. On recognizing a 
STPCLK# interrupt at the next instruction retirement 
boundary, the processor performs the following actions, in the 
order shown: 


1. Its instruction pipelines are flushed 
2. All pending and in-progress bus cycles are completed 


3. The STPCLK# assertion is acknowledged by executing a 
Stop Grant special bus cycle 


4. Its internal clock is stopped after BRDY# of the Stop Grant 
special bus cycle is sampled asserted and after EWBE# is 
sampled asserted 


5. The Stop Clock state is entered if the system logic stops the 
bus clock CLK (optional) 


STPCLK# is sampled as a level-sensitive input on every clock 
edge but is not recognized until the next instruction boundary. 
The system logic drives the signal either synchronously or 
asynchronously. If it is asserted asynchronously, it must be 
asserted for a minimum pulse width of two clocks. STPCLK# 
must remain asserted until recognized, which is indicated by 
the completion of the Stop Grant special cycle. 
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Figure 65. Stop Grant and Stop Clock Modes, Part 1 
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Figure 66. Stop Grant and Stop Clock Modes, Part 2 
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INIT is typically asserted in response to a BIOS interrupt that 
writes to an I/O port. This interrupt is often in response toa 
Ctrl-Alt-Del keyboard input. The BIOS writes to a port (similar 
to port 64h in the keyboard controller) that asserts INIT. INIT is 
also used to support 80286 software that must return to Real 
mode after accessing extended memory in Protected mode. 


The assertion of INIT causes the processor to empty its 
pipelines, initialize most of its internal state, and branch to 
address FFFF_FFF0h—the same instruction execution starting 
point used after RESET. Unlike RESET, the processor 
preserves the contents of its caches, the floating-point state, the 
MMxX state, Model-Specific Registers (MSRs), the CD and NW 
bits of the CRO register, the time stamp counter, and other 
specific internal resources. 


Figure 67 shows an example in which the operating system 
writes to an I/O port, causing the system logic to assert INIT. The 
sampling of INIT asserted starts an extended microcode 
sequence that terminates with a code fetch from FFFF_FFF0h, 
the reset location. INIT is sampled on every clock edge but is not 
recognized until the next instruction boundary. During an I/O 
write cycle, it must be sampled asserted a minimum of three 
clock edges before BRDY# is sampled asserted if it is to be 
recognized on the boundary between the J/O write instruction 
and the following instruction. If INIT is asserted synchronously, 
it can be asserted for a minimum of one clock. If it is asserted 
asynchronously, it must have been negated for a minimum of two 
clocks, followed by an assertion of a minimum of two clocks. 
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Figure 67. INIT-Initiated Transition from Protected Mode to Real Mode 
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7 Power-on Configuration and Initialization 


On power-on the system logic must reset the AMD-K6 MMX 
enhanced processor by asserting the RESET signal. When the 
processor samples RESET asserted, it immediately flushes and 
initializes all internal resources and its internal state, including 
its pipelines and caches, the floating-point state, the MMX 
state, and all registers. Then the processor jumps to address 
FFFF_FFFO0h to start instruction execution. 


7.1 Signals Sampled During the Falling Transition of RESET 


FLUSH# 


BF[2:0] 


BRDYC# 


FLUSH# is sampled on the falling transition of RESET to 
determine if the processor begins normal instruction execution 
or enters Tri-State Test mode. If FLUSH# is High during the 
falling transition of RESET, the processor unconditionally runs 
its Built-In Self Test (BIST), performs the normal reset 
functions, then jumps to address FFFF_FFFOh to start 
instruction execution. (See “Built-In Self-Test (BIST)” on page 
11-1 for more details.) If FLUSH# is Low during the falling 
transition of RESET, the processor enters Tri-State Test mode. 
(See “Tri-State Test Mode” on page 11-2 and “FLUSH# (Cache 
Flush)” on page 5-19 for more details.) 


The internal operating frequency of the processor is 
determined by the state of the bus frequency signals BF[2:0] 
when they are sampled during the falling transition of RESET. 
The frequency of the CLK input signal is multiplied internally 
by a ratio defined by BF[2:0]. (See “BF[2:0] (Bus Frequency)” 
on page 5-8 for the processor-clock to bus-clock ratios.) 


BRDYC# is sampled on the falling transition of RESET to 
configure the drive strength of A[20:3], ADS#, HITM#, and 
W/R#. If BRDYC# is Low during the fall of RESET, these 
outputs are configured using higher drive strengths than the 
standard strength. If BRDYC# is High during the fall of RESET, 
the standard strength is selected. (See “BRDYC# (Burst Ready 
Copy)” on page 5-11 for more details.) 
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7.2 


7.3 


Output Signals 


Registers 


7-2 


RESET Requirements 


During the initial power-on reset of the processor, RESET must 
remain asserted for a minimum of 1.0 ms after CLK and Vcc 
reach specification. (See “CLK Switching Characteristics” on 
page 16-1 for clock specifications. See “Electrical Data” on 
page 14-1 for Vcc specifications.) 


During a warm reset while CLK and Vcc are within 
specification, RESET must remain asserted for a minimum of 
15 clocks prior to its negation. 


State of Processor After RESET 


Table 27 shows the state of all processor outputs and 
bidirectional signals immediately after RESET is sampled 
asserted. 


Table 27. Output Signal State After RESET | 
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Table 28 shows the state of all architecture registers and 
Model-Specific Registers (MSRs) after the processor has 
completed its initialization due to the recognition of the 
assertion of RESET. 
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Table 28. Register State After RESET 
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LDTR 0000h 
FFFF_FFFOh 
0000_0002h 
0000_0000h 
0000_0000h 
0000_0000h 
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0000_0000h 
0000_0000h 
0000_0000h 
0000_0000h 
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0000h 
0000h 
0000h 
0000h 
0000h 
0000_0000_0000_0000_0000h 
0040h 
0000h 










EFLAGS 
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DX 
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ESP 


im) 


Bla 


QO] am] m n 
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FPU Stack R7-RO 
FPU Control Word 
FPU Status Word — 
FPU Tag Word 
FPU Instruction Pointer 
FPU Data Pointer 
FPU Opcode Register 
CR 


0000_0000_0000h 

0000_0000_0000h 

000_0000_0000b 
6000_0010h 
0000_0000h 


oO 





1. The contents of EAX indicate if BIST was successful. If EAX=0000_0000h, BIST was successful. 
If EAX is non-zero, BIST failed. 


2. EDX contains the AMD-K6 processor signature, where X indicates the processor Stepping ID. 
3. The contents of these registers are preserved following the recognition of INIT. 
, The CD and NW bits of CRO are preserved following the recognition of INIT. 
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Table 28. Register State After RESET (continued) 
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. The contents of EAX indicate if BIST was successful. If EAX =0000_0000h, BIST was successful. 
If EAX is non-zero, BIST failed. 


. EDX contains the AMD-K6 processor signature, where X indicates the processor Stepping ID. 
The contents of these registers are preserved following the recognition of INIT. 
The CD and NW bits of CRO are preserved following the recognition of INIT. 


7.4 State of Processor After INIT 


The recognition of the assertion of INIT causes the processor to 
empty its pipelines, to initialize most of its internal state, and to 
branch to address FFFF_FFFO0h—the same instruction 
execution starting point used after RESET. Unlike RESET, the 
processor preserves the contents of its caches, the 
floating-point state, the MMX state, MSRs, and the CD and NW 
bits of the CRO register. 













The edge-sensitive interrupts FLUSH# and SMI# are sampled 
and preserved during the INIT process and are handled 
accordingly after the initialization is complete. However, the 

- processor resets any pending NMI interrupt upon sampling 
INIT asserted. 


INIT can be used as an accelerator for 80286 code that requires 
a reset to exit from Protected mode back to Real mode. 


7-4 . Power-on Configuration and Initialization 
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8 Cache Organization 


System Bus 
Interface Unit 





The following sections describe the basic architecture and 
resources of the AMD-K6 MMX enhanced processor internal 
caches. 


The performance of the AMD-K6 processor is enhanced by a 
writeback level-one (L1) cache. The cache is organized as a 
separate 32-Kbyte instruction cache and a 32-Kbyte data cache, 
each with two-way set associativity (See Figure 68). The cache 
line size is 32 bytes, and lines are prefetched from main 
memory using an efficient, pipelined burst transaction. As the 
instruction cache is filled, each instruction byte is analyzed for 
instruction boundaries using predecode logic. Predecoding 
annotates each instruction byte with information that later 
enables the decoders to efficiently decode multiple 
instructions simultaneously. Translation lookaside buffers 
(TLB) are also used to translate linear addresses to physical 
addresses. The instruction cache is associated with a 64-entry 
TLB while the data cache is associated with a 128-entry TLB. 


32-Kbyte Instruction Cache 


Processor 
Core 


32-Kbyte Data Cache 


Figure 68. Cache Organization 


Cache Organization 
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The processor cache design takes advantage of a sectored 
organization (See Figure 69). Each sector consists of 64 bytes 
configured as two 32-byte cache lines. The two cache lines of a 
sector share a common tag but have separate MESI (modified, 
exclusive, shared, invalid) bits that track the state of each 
cache line. 


Instruction Cache Line 


Tg [Coe Lne [ye | Feteedebs [B10] Pedeate Bs | —— | —— [ e0 | Ped [MET 
tres ae ine? | yet | Peden Bs [530] Fedeode is | —. | [ 0 | eed is | 1 MEST 


Data Cache Line 


Mees [acetne2 | Byes1 | ew [ —— | — | Bred | 2m | 


Note: Instruction-cache lines have only two coherency states (valid or invalid) rather than 
the four MESI coherency states of data-cache lines. Only two states are needed for the 
instruction cache because these lines are read-only. 









Figure 69. Cache Sector Organization 


8.1 MESI States in the Data Cache 


The state of each line in the caches is tracked by the MESI bits. 
The coherency of these states or MESI bits is maintained by 
internal processor snoops and external inquiries by the system 
logic. The following four states are defined for the data cache: 


us Modified—This line has been modified and is different from 
main memory. 


a Exclusive—This line is not modified and is the same as main 
memory. If this line is written to, it becomes Modified. 


m Shared—If a cache line is in the shared state it means that 
the same line can exist in more than one cache system. 


a Invalid—The information in this line is not valid. 


8.2 Predecode Bits 


Decoding x86 instructions is particularly difficult because the 
instructions vary in length, ranging from 1 to 15 bytes long. 
Predecode logic supplies the predecode bits associated with 


8-2 Cache Organization 
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each instruction byte. The predecode bits indicate the number 
of bytes to the start of the next x86 instruction. The predecode 
bits are passed with the instruction bytes to the decoders where 
they assist with parallel x86 instruction decoding. The 
predecode bits use memory separate from the 32-Kbyte 
instruction cache. The predecode bits are stored in an extended 
instruction cache alongside each x86 instruction byte as shown 
in Figure 69. 


8.3 Cache Operation 


Cache Organization 


The operating modes for the caches are configured by software 
using the not writethrough (NW) and cache disable (CD) bits of 
control register 0 (CRO bits 29 and 30 respectively). These bits 
are used in all operating modes. 


When the CD and NW bits are both set to 0, the cache is fully 
enabled. This is the standard operating mode for the cache. If a 
read miss occurs when the processor reads from the cache, a 
line fill takes place. Write hits to the cache are updated, while 
write misses and writes to shared lines cause external memory 
updates. 


Note: A write allocate operation can modify the behavior of write 
misses to the cache. See “Write Allocate” on page 8-7. 


When CD is set to 0 and NW is set to 1, an invalid mode of 
operation exists that causes a general protection fault to occur. 


When CD is set to 1 (disabled) and NW is set to 0, the cache fill 
mechanism is disabled but the contents of the cache are still 
valid. The processor reads from the cache and, if a read miss 
occurs, no line fills take place. Write hits to the cache are 
updated, while write misses and writes to shared lines cause 
external memory updates. 


When the CD and NW bits are both set to 1, the cache is fully 
disabled. Even though the cache is disabled, the contents are 
not necessarily invalid. The processor reads from the cache 
and, if a read miss occurs, no line fills take place. If a write hit 
occurs, the cache is updated but an external memory update 
does not occur. If a data line is in the exclusive state during a 
write hit, the MESI bits are changed to the modified state. 
Write misses access memory directly. 
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The operating system can control the cacheability of a page. 
The paging mechanism is controlled by CR3, the Page 
Directory Entry (PDE), and the Page Table Entry (PTE). Within 
CR3, PDE, and PTE are Page Cache Disable (PCD) and Page 
Writethrough (PWT) bits. The values of the PCD and PWT bits 
used in Table 29 through Table 31 are taken from either the 
PTE or PDE. For more information see the descriptions of PCD 
and PWT on pages 5-29 and 5-31, respectively. 


Table 29 through Table 31 describe the logic that determines 
the cacheability of a cycle and how that cacheability is affected 
by the PCD bits, the PWT bits, the PG bit of CRO, the CD bit of 
CRO, writeback cycles, the Cache Inhibit (CI) bit of Test 
Register 12 (TR12), and unlocked memory reads. 


Table 29 describes how the PWT signal is driven based on the 
values of the PWT bits and the PG bit of CRO. 


Table 29. PWT Signal Generation 


PG Bit of CRO | PWT Signal 










Note: 
* PWT Is taken from PTE or PDE 


Table 30 describes how the PCD signal is driven based on the 
values of the CD bit of CRO, the PCD bits, and the PG bit of 
CRO. 


Table 30. PCD Signal Generation 


Nofe: 
* PCD Is taken from PTE or PDE 


Cache Organization 
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Table 31 describes how the CACHE+# signal is driven based on 
writeback cycles, the CI bit of TR12, unlocked memory reads, 
and the PCD signal. 


Table 31. CACHE# Signal Generation 


Writeback Unlocked 
Cl Bit of TR12 Memory Reads PCD Signal me oo 





Complete descriptions of the signals that control cacheability 
and cache coherency are given on the following pages: 


CACHE#—page 5-12 
EADS#—page 5-16 
FLUSH#—page 5-19 
HIT#— page 5-20 
HITM#—page 5-20 
INV—page 5-24 
KEN#— page 5-25 
PCD—page 5-29 
PWT—page 5-31 
WB/WT#—page 5-38 


8.4 Cache Disabling 


Cache Organization 


To completely disable all cache accesses, the CD and NW bits 
must be set to 1 and the cache must be completely flushed. 


There are two different methods for flushing the cache. The 
first method relies on the system logic and the second relies on 
software. 
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For the system logic to flush the cache, the processor must 
sample FLUSH# asserted. In this method, the processor writes 
back any data cache lines that are in the modified state, 
invalidates all lines in the instruction and data caches, and then 
executes a flush acknowledge special cycle (See Table 21 on 
page 5-41). 


Software can use two different instructions to flush the cache. 
Both the WBINVD and INVD instructions cause all cache lines 
to be marked invalid. The WBINVD instruction causes all 
modified lines to first be written back to memory. The INVD 
instruction invalidates all cache lines without writing modified 
lines back to memory. 


Any area of system memory can be cached. However, the 
processor prevents caching of locked operations and TLB reads, 
the operating system can prevent caching of certain pages by 
setting the PCD and PWT bits in the PDE or PTE, and system 
logic can prevent caching of certain bus cycles by negating the 
KEN# input signal with the first BRDY# or NA# of a cycle. 


8.5 Cache-Line Fills 


When the CPU needs to read memory, the processor drives a 
read cycle onto the bus. If the cycle is cacheable the CPU 
asserts CACHE#. The system logic also has control of the 
cacheability of bus cycles. If it determines the address is 
cacheable, system logic asserts the KEN# signal and the 
appropriate value of WB/WT#. . 


One of two events takes place next. If the cycle is not 
cacheable, a non-pipelined, single-transfer read takes place. 
The processor waits for the system logic to return the data and 
assert a single BRDY# (See Figure 46 on page 6-7). If the cycle 
is cacheable, the processor executes a 32-byte burst read cycle. 
The processor expects to sample BRDY# asserted a total of four 
times for a burst read cycle to take place (See Figure 48 on page 
6-11). 


Instruction-cache line fills initiate 32-byte transfers from 
memory (one burst cycle) on the bus. Data-cache line fills also 
initiate 32-byte transfers on the bus. If the data-cache line 
being filled replaces a modified line, the prior contents of the 
line are copied to a 32-byte writeback (copyback) buffer in the 
bus interface unit while the new line is being read. 


8-6 Cache Organization 
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8.6 Cache-Line Replacements 


As programs execute and task switches occur, some cache lines 
eventually require replacement. 


Instruction cache lines are replaced using a Least Recently 
Used (LRU) algorithm. If line replacement is required, lines 
are replaced when read cache misses occur. 


The data cache uses a slightly different approach to line 
replacement. If a miss occurs, and a replacement is required, 
lines are replaced by using a Least Recently Allocated (LRA) 
algorithm. 


Two forms of cache misses and associated cache fills can take 
place—a sector replacement and a cache line replacement. In 
the case of a sector replacement, the miss is due to a tag 
mismatch, in which case the required cache line is filled from 
external memory, and the cache line within the sector that was 
not required is marked as invalid. In the case of a cache line 
replacement, the address matches the tag, but the requested 
cache line is marked as invalid. The required cache line is filled 
from external memory, and the cache line within the sector that 
is not required remains in the same cache state. 


8.7 Write Allocate 


Cache Organization 


Write allocate, if enabled, occurs when the processor has a 
pending memory write cycle to a cacheable line and the line 
does not currently reside in the L1 data cache. In this case, the 
processor performs a burst read cycle to fetch the data-cache 
line addressed by the pending write cycle. The data associated 
with the pending write cycle is merged with the 
recently-allocated data-cache line and stored in the processor’s 
L1 data cache. The final MESI state of the cache line depends 
on the state of the WB/WT# and PWT signals during the burst 
read cycle and the subsequent cache write hit (See Table 32 on 
page 8-13 to determine the cache-line states and the access 
types following a cache read miss and cache write hit). 


During write allocates, a 32-byte burst read cycle is executed in 
place of a non-burst write cycle. While the burst read cycle 
generally takes longer to execute than the write cycle, 
performance gains are realized on subsequent write cycle hits 
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Write to a Cacheable 
Page 


Write to a Sector 


Write Cacheability 
Detection 
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to the write-allocated cache line. Due to the nature of software, 
memory accesses tend to occur in proximity of each other 
(principle of locality). The likelihood of additional write hits to 
the write-allocated cache line is high. 


The following is a description of four mechanisms by which the 
AMD-K6 MMX enhanced processor performs write allocations. 
A write allocate is performed when any one or more of these 
mechanisms indicates that a pending write is to a cacheable 
area of memory. 


Every time the processor performs a cache line fill, the address 
of the page in which the cache line resides is saved in the 
Cacheability Control Register (CCR). The page address of 
subsequent write cycles is compared with the page address 
stored in the CCR. If the two addresses are equal, then the 
processor performs a write allocate because the page has 
already been determined to be cacheable. 


When the processor performs a cache line fill from a different 
page than the address saved in the CCR, the CCR is updated 
with the new page address. 


If the address of a pending write cycle matches the tag address 
of a valid cache sector, but the addressed cache line within the 
sector is marked invalid (a sector hit but a cache line miss), 
then the processor performs a write allocate. The pending write 
cycle is determined to be cacheable because the sector hit 
indicates the presence of at least one valid cache line in the 
sector. The two cache lines within a sector are guaranteed by 
design to be within the same page. 


Write Cacheability Detection causes a write allocate to occur 
only if the Write Cacheability Detection Enable (WCDE) bit 
(bit 8) in the Write Handling Control Register (WHCR) MSR is 
set to 1. If the processor samples the KEN# input signal 
asserted during an external write cycle, the processor saves the 
address of this page in the Write KEN# Control Register 


-(WKCR). During this write cycle, the data is written to memory 


and not stored in the processor’s data cache. The page address 
of subsequent write cycles is compared with the page address 
stored in the WKCR. If the two addresses are equal, then the 
processor performs a write allocate because the page has 
already been determined to be cacheable. 


Cache Organization 
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When the processor performs a write cycle to a cacheable page 
different from the page address saved in the WKCR, the WKCR 
is updated with the new page address. 


The WKCR is marked invalid when one of the following events 
occurs: 


= Any TLB entry is changed 
= The WBINVD or INVD instruction is executed 
= The assertion of the FLUSH# pin is recognized 


Support of the Write Cacheability Detection mechanism 
requires the system logic to assert KEN# during a write cycle if 
and only if the address is cacheable. If Write Cacheability 
Detection is enabled, KEN# is sampled during write cycles in 
the same manner it is sampled during read cycles (KEN# is 
sampled on the clock edge on which the first BRDY# or NA# of 
a cycle is sampled asserted). 


The Write Handling Control Register (WHCR) is a MSR that 
contains three fields—the Write Allocate Enable Limit 
(WAELIM) field, the Write Allocate Enable 15-to-16-Mbyte 
(WAE15M) bit, and the Write Cacheability Detection Enable 
(WCDE) bit (See Figure 70). 


The WCDE bit is associated with the Write Cacheability 
Detection mechanism as described in the previous section. The 
other two fields described in this section define the Write 
Allocate Limit mechanism. 





fee] —-» Reserved 


Symbol Description 


WAELIM if 


Bits 


WCDE — Write Cacheability Detection Enable 8 
WAELIM Write Allocate Enable Limit 7-1 
WAE15M Write Allocate Enable 15-to-16-Mbyte 0 


Note: Hardware RESET initializes this MSR to all zeros. 


Figure 70. Write Handling Control Register (WHCR) 
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The WAELIM field is 7 bits wide. This field, multiplied by 4 
Mbytes, defines an upper memory limit. Any pending write 
cycle that addresses memory below this limit causes the 
processor to perform a write allocate. Write allocate is disabled 
for memory accesses at and above this limit unless the 
processor determines a pending write cycle is cacheable by 
means of one of the previous write allocate mechanisms— 
Write to a Cacheable Page, Write to a Sector, and Write 
Cacheability Detection. The maximum value of this memory 
limit is ((2’ — 1) -4 Mbytes) = 508 Mbytes. When all the bits in 
this field are set to 0, all memory is above this limit and this 
mechanism for allowing write allocate is effectively disabled. 


The Write Allocate Enable 15-to-16-Mbyte (WAE15M) bit is 
used to enable write allocations for the memory write cycles 
that address the 1 Mbyte of memory between 15 Mbytes and 16 
Mbytes. This bit must be set to 1 to allow write allocate in this 
memory area. This bit is provided to account for a small 
number of uncommon memory-mapped I/O adapters that use 
this particular memory address space. If the system contains 
one of these peripherals, the bit should be set to 0. The 
WAEI5M bit is ignored if the value in the WAELIM field is set 
to less than 16 Mbytes. 


By definition a write allocate is never performed in the memory 
area between 640 Kbytes and 1 Mbyte. It is not considered safe 
to perform write allocations between 640 Kbytes and 1 Mbyte 
(000A_0000h to 000F_FFFFh) because it is considered a 
non-cacheable region of memory. 


Figure 71 shows the logic flow for all the mechanisms involved 
with write allocate for memory bus cycles. The left side of the 
diagram (the text) describes the conditions that need to be true 
in order for the value of that line to be a 1. Items 1 to 3 of the 
diagram are related to general cache operation and items 4 to 
11 are related to the write allocate mechanisms. 


For more information about write allocate, see the 
Implementation of Write Allocate in the K86™ Processors 
Application Note, order# 21326. 
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2) PCD Signal 
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4) Write to Cacheable Page (CCR) 
5) Write to a Sector 


6) Write KEN# Control Register (WKCR) Cacheable 
7) Write Cacheability Detection Enabled (WCDE) 


8) Less Than Limit (WAELIM) 
9) Between 640 Kbytes and 1 Mbyte 


10) Between 15-16 Mbytes 
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= Allocate 


11) Write Allocate Enable 15-16 Mbyte (WAE15M)-© 


Figure 71. Write Allocate Logic Mechanisms and Conditions 


Descriptions of the 
Logic Mechanisms 
and Conditions 


Cache Organization 


1. 


CD Bit of CRO—When the cache disable (CD) bit within 
control register 0 (CRO) is set to 1, the cache fill mechanism 
for both reads and writes is disabled, therefore write 
allocate does not occur. 


. PCD Signal—When the PCD (page cache disable) signal is 


driven High, caching for that page is disabled even if KEN# 
is sampled asserted, therefore write allocate does not occur. 


CI Bit of TR12—When the cache inhibit bit of Test Register 
12 is set to 1, the L1 caches are disabled, therefore write 
allocate does not occur. 


Write to a Cacheable. Page (CCR)—A write allocate is 
performed if the processor knows that a page is cacheable. 
The CCR is used to store the page address of the last cache 
fill for a read miss. See “Write to a Cacheable Page” on page 
8-8 for a detailed description of this condition. 


Write to a Sector—A write allocate is performed if the 
address of a pending write cycle matches the tag address of 
a valid cache sector but the addressed cache line within the 
sector is invalid. See “Write to a Sector” on page 8-8 for a 
detailed description of this condition. 


. Write KEN# Control Register (WKCR) Cacheable—If the 


processor samples the KEN# signal asserted during a write 
cycle, the processor saves that page address in the WKCR. 
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9. 


Subsequent writes to that page are known to be cacheable. 
See “Write Cacheability Detection” on page 8-8 for a 
detailed description of this condition. 


Write Cacheability Detection Enabled (WCDE)—To enable 
the WKCR described in number 6 above, bit 8 in WHCR 


- must be set to 1. 


Less Than Limit (WAELIM)—The write allocate limit 
mechanism determines if the memory area being addressed 
is less than the limit set in the WAELIM field of WHCR. If 
the address is less than the limit, write allocate for that 
memory address is performed as long as conditions 9 and 10 
do not prevent write allocate. 


Between 640 Kbytes and 1 Mbyte—Write allocate is not 
performed in the memory area between 640 Kbytes and 1 
Mbyte. It is not considered safe to perform write allocations 
between 640 Kbytes and 1 Mbyte (000A_0000h to 
000F_FFFFh) because this area of memory is considered a 
non-cacheable region of memory. 


10.Between 15-16 Mbytes—If the address of a pending write 


cycle is in the 1 Mbyte of memory between 15 Mbytes and 16 
Mbytes, and the WAEI5M bit is set to 1, write allocate for 
this cycle is enabled. 


11.Write Allocate Enable 15-16 Mbytes (WAE15M)—This 


condition is associated with the Write Allocate Limit 
mechanism and affects write allocate only if the limit 
specified by the WAELIM field is greater than or equal to 16 
Mbytes. If the memory address is between 15 Mbytes and 16 
Mbytes, and the WAE15M bit in the WHCR is set to 0, write 
allocate for this cycle is disabled. 


Prefetching 


The AMD-K6 MMX enhanced processor performs instruction 


cache prefetching for sector replacements only—as opposed to 


cache-line replacements. The cache prefetching results in the 
filling of the required cache line first, and a prefetch of the 


second cache line making up the other half of the sector. 


Furthermore, the prefetch of the second cache line is initiated 
only in the forward direction—that is, only if the requested 
cache line is the first position within the sector. From the 


perspective of the external bus, the two cache-line fills 
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typically appear as two 32-byte burst read cycles occurring 
back-to-back or, if allowed, as pipelined cycles. The burst read 
cycles do not occur back-to-back (wait states occur) if the 
processor is not ready to start a new cycle, if higher priority 
data read or write requests exist, or if NA# (next address) was 
sampled negated. Wait states can also exist between burst 
cycles if the processor samples AHOLD or BOFF# asserted. 


8.9 Cache States 


Table 32 shows all the possible cache-line states before and 
after program-generated accesses to individual cache lines. The 
table includes the correspondence between MESIJ states and 
writethrough or writeback states for lines in the data cache. 


Table 32. Data Cache States for Read and Write Accesses 


; Cache State After Access 
Cache State Before Access 
Access Type' Writeback 
Writethrough State 
: inva 
Read Miss ae burst read? — shared or writethrough or 
invalid 3 : 3 
Cache (cacheable) exclusive writeback 
Read 


Read : : teb 
Hit exclusive Pe exclusive writeback 


modified writeback 
inal 


Cache cache update and shared or writethrough or 
Write Write Hit single write exclusive? writeback? 
exclusive or modified cache update writeback 
. Single read, single write, cache update, and writethrough = 1 to 8 bytes. Line fill = 32-byte burst read. 
._ If CACHE# is driven Low and KEN# is sampled asserted. 
. If PWT is driven Low and WB/WT# is sampled High, the line is cached in the exclusive (writeback) state. 


| Awvrite cycle occurs.only if the write allocate conditions as specified in “Write Allocate” on page 8-7 are not met. 
Not applicable or none. 
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8.10 Cache Coherency 
Different ways exists to maintain coherency between the 
system memory and cache memories. Inquire cycles, internal 
snoops, FLUSH#, WBINVD, INVD, and line replacements all 
prevent inconsistencies between memories. 

Inquire Cycles Inquire cycles are bus cycles initiated by system logic. These 


inquiries ensure coherency between the caches and main 
memory. In systems with multiple caching masters, system 
logic maintains cache coherency by driving inquire cycles to 
the processor. System logic initiates inquire cycles by asserting 
AHOLD, BOFF#, or HOLD to obtain control of the address bus 
and then driving EADS#, INV (optional), and an inquire 
address (A[31:5]). This type of bus cycle causes the processor to 
compare the tags for both its instruction and data caches with 
the inquire address. If there is a hit to a shared or exclusive line 
in the data cache or a valid line in the instruction cache, the 
processor asserts HIT#. If the compare hits a modified line in 
the data cache, the processor asserts HIT# and HITM#. If 
HITM# is asserted, the processor writes the modified line back 
to memory. If INV was sampled asserted with EADS#, a hit 
invalidates the line. If INV was sampled negated with EADS#, a 
hit leaves the line in the shared state or transitions it from the 
exclusive or modified to shared state. 


Internal snooping is initiated by the processor (rather than 
system logic) during certain cache accesses. It is used to 
maintain coherency between the L1 instruction and data 
caches. 


The processor automatically snoops its instruction cache during 
read or write misses to its data cache, and it snoops its data ~ 
cache during read misses to its instruction cache. Table 33 
summarizes the actions taken during this internal snooping. 
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FLUSH# 


WBINVD and INVD 


Cache-Line 
Replacement 
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If an internal snoop hits its target, the processor does the 
following: 


mu Data cache snoop during an instruction-cache read miss—If 
modified, the line in the data cache is written back to 
memory. Regardless of its state, the data-cache line is 
invalidated and the instruction cache performs a burst cycle 
read from memory. 


m Instruction cache snoop during a data cache miss—The line in 
the instruction cache is marked invalid, and the data-cache 
read or write is performed from memory. 


In response to sampling FLUSH# asserted, the processor writes 
back any data cache lines that are in the modified state and 
then marks all lines in the instruction and data caches as 
invalid. 


These x86 instructions cause all cache lines to be marked as 
invalid. WBINVD writes back modified lines before marking all 
cache lines invalid. INVD does not write back modified lines. 


Replacing lines in the instruction or data cache, according to 
the line replacement algorithms described in “Cache-Line 
Fills” on page 8-6, ensures coherency between main memory 
and the caches. 


Table 33 shows all possible cache-line states before and after 
cache snoop or invalidation operations performed with inquire 
cycles. This table shows all of the conditions for writethroughs 
and writebacks to memory. 
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Table 33. Cache States for Inquiries, Snoops, Invalidation, and Replacement 


, Cache State After Operation 
Cache State 


Memory Access Writeback 
Writethrough State 


exclusive 


| INV=1 invalid 


type at Operation Before Operation 


Inquire 


Cycle burst write Pa | shared | writethrough 
modified 
fia) [RET 
shared or 
Internal exclusive 
invalid invalid 
Snoop modified burst write 
(writeback) 


shared or 
Signal Eee invalid invalid 
modified (writeback) 


shared or 
WBINVD exclusive 
: invalid invalid 
Instruction dified burst write 
aia (writeback) 
INVD 


Lj exclusive 
Cache-Line See Table 32 
Replacement modified burst write 

(writeback) 


Notes: 
All writebacks are 32-byte burst write cycles. 
~ Not applicable or none. 
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Cache Snooping Table 34 shows the conditions under which snooping occurs in 


the AMD-K6 MMX enhanced processor and the resources that 
are snooped. 


Table 34. Snoop Action 


| Snooping Action = Action 
Type of Event Type of Access 
Instruction pata Cacie 
Cache 


Read 
Instruction Miss 


Cache Read 
Hit 


Read eB 
Internal Snoop i f 
Read 
Cache Write ; 
Miss yes 


Write 
Hit 


Notes: 


I. The processor's response to an inquire cycle depends on the state of the INV input signal 
and the state of the cache line as follows: 
For the instruction cache, if INVis sampled negated, the line remains invalid or valid, but 
if INV is sampled asserted, the line is invalidated 
For the data cache, if INV is sampled negated, valid lines remain in or transition to the 
shared state, a modified data cache line is written back before the line is marked shared 
(with HITM# asserted), and invalid lines remain invalid. For the data cache, if INV is 
sampled asserted, the line is marked invalid. Modified lines are written back before 
_ invalidation. 

._ fan internal snoop hits a modified line in the data cache, the line is written back and 
invalidated. Then the instruction cache performs a burst read from memory. 

. If an internal snoop hits a line in the instruction cache, the instruction cache line is 
invalidated and the data-cache read or write is performed from memory. 


Not applicable. 
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8.11 Writethrough vs. Writeback Coherency States 


The terms writethrough and writeback apply to two related 
concepts in a read-write cache like the AMD-K6 MMX 
enhanced processor L1 data cache. The following conditions 
apply to both the writethrough and writeback modes: 


us Memory Writes—A relationship exists between external 
memory writes and their concurrence with cache updates: 


« An external memory write that occurs concurrently with 
a cache update to the same location is a writethrough. 
Writethroughs are driven as single cycles on the bus. 

¢ Anexternal memory write that occurs after the processor 
has modified a cache line is a writeback. Writebacks are 
driven as burst cycles on the bus. 

m Coherency State—A relationship exists between MESI 
coherency states and writethrough-writeback coherency 
states of lines in the cache as follows: 
¢ Shared MEST lines are in the writethrough state. 


¢ Modified and exclusive MESI lines are in the writeback 
state. 


8.12 A20M# Masking of Cache Accesses 


Although the processor samples A20M# as a level-sensitive 
input on every clock edge, it should only be asserted in Real 
mode. The CPU applies the A20M# masking to its tags, through 
which all programs access the caches. Therefore, assertion of 
A20M# affects all addresses (cache and external memory), 
including the following: 

m Cache-line fills (caused by read misses) 


m Cache writethroughs (caused by write misses or write hits to 
lines in the shared state) 


However, A20M# does not mask writebacks or invalidations 
caused by the following actions: 


Internal snoops 

Inquire cycles 

The FLUSH# signal 

The WBINVD instruction 
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9 Floating-Point and Multimedia Execution Units 


9.1 Floating-Point Execution Unit 


Handling 
Floating-Point 
Exceptions 


External Logic 
Support of 
Floating-Point 
Exceptions 


The AMD-K6 MMX enhanced processor contains an IEEE 
754-compatible floating-point execution unit designed to 
accelerate the performance of software that utilizes the x86 
floating-point instruction set. Floating-point software is 
typically written to manipulate numbers that are very large or 
very small, that require a high degree of precision, or that 
result from complex mathematical operations such as 
transcendentals. Applications that take advantage of 
floating-point operations include geometric calculations for 
graphics acceleration, scientific, statistical, and engineering 
applications, and business applications that use large amounts 
of high-precision data. 


The high-performance floating-point execution unit contains an 
adder unit, a multiplier unit, and a divide/square root unit. 
These low-latency units can execute floating-point instructions 
in as few as two processor clocks. To increase performance, the 
processor is designed to simultaneously decode most 
floating-point instructions with most short-decodeable 
instructions. 


See “Software Environment” on page 3-1 for a description of 
the floating-point data types, registers, and instructions. 


The AMD-K6 processor provides the following two types of 
exception handling for floating-point exceptions: 


= Ifthe numeric error (NE) bit in CRO is set to 1, the processor 
invokes the interrupt 10h handler. In this manner, the 
floating-point exception is completely handled by software. 


m If the NE bit in CRO is set to 0, the processor requires 
external logic to generate an interrupt on the INTR signal in 
order to handle the exception. 


The processor provides the FERR# (Floating-Point Error) and 
IGNNE# (Ignore Numeric Error) signals to allow the external 
logic to generate the interrupt in a manner consistent with 
IBM-compatible PC/AT systems. The assertion of FERR# 
indicates the occurrence of an unmasked floating-point 
exception resulting from the execution of a floating-point 
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instruction. IGNNE# is used by the external hardware to 
control the effect of an unmasked floating-point exception. 
Under certain circumstances, if IGNNE# is sampled asserted, 
the processor ignores the floating-point exception. 


Figure 72 illustrates an implementation of external logic for 
supporting floating-point exceptions. The following example 
explains the operation of the external logic in Figure 72: 


As the result of a floating-point exception, the processor 
asserts FERR#. The assertion of FERR# and the 
sampling of IGNNE# negated indicates the processor has 
stopped instruction execution and is waiting for an 
interrupt. The assertion of FERR# leads to the assertion 
of INTR by the interrupt controller. The processor 
acknowledges the interrupt and jumps to the 
corresponding interrupt service routine in which an I/O 
write cycle to address port FOh leads to the assertion of 
IGNNE#. When IGNNE# is sampled asserted, the 
processor ignores the floating-point exception and 
continues instruction execution. When the processor 
negates FERR#, the external logic negates IGNNE#. 


See “FERR# (Floating-Point Error)” on page 5-18 and 
“IGNNE# (Ignore Numeric Exception)” on page 5-22 for more 
details. 









Me™ V/O Address 
Pre Port Foh 
Enhanced ONES 





Processor Flip-Flop 








Interrupt 
Controller 


Figure 72. External Logic for Supporting Floating-Point Exceptions 


9-2 


Floating-Point and Multimedia Execution Units 





20695E/0—June 1997 


Preliminary Information AMDZI 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 


9.2 Multimedia Execution Unit 


The multimedia execution unit of the AMD-K6 MMX enhanced 
processor is designed to accelerate the performance of software 
written using the industry-standard MMX instructions. 
Applications that can take advantage of the MMX instructions 
include graphics, video and audio compression and 
decompression, speech recognition, and telephony 
applications. 


The multimedia execution unit can execute MMX instructions 
in a single processor clock. To increase performance, the 
processor is designed to simultaneously decode all MMX 
instructions with most other instructions. 


For more information on MMX instructions, refer to AMD-K6™ 
MMX™ Enhanced Processor Multimedia Technology, order# 
20726. 


9.3 Floating-Point and MMX™ Instruction Compatibility 


Registers 


Exceptions 


FERR# and IGNNE# 


The eight 64-bit MMX registers are mapped on the 
floating-point stack. This enables backward compatibility with 
all existing software. For example, the register saving event 
that is performed by operating systems during task switching 
requires no changes to the operating system. The same support 
provided in an operating system’s interrupt 7 handler (Device 
Not Available) for saving and restoring the floating-point 
registers also supports saving and restoring the MMX registers. 


There are no new exceptions defined for supporting the MMX 
instructions. All exceptions that occur while decoding or 
executing an MMX instruction are handled in existing 
exception handlers without modification. 


MMxX instructions do not generate floating-point exceptions. 
However, if an unmasked floating-point exception is pending, 
the processor asserts FERR# at the instruction boundary of the 
next floating-point instruction, MMX instruction, or WAIT 
instruction. 


The sampling of IGNNE# asserted only affects processor 
operation during the execution of an error-sensitive 
floating-point instruction, MMX instruction, or WAIT 
instruction when the NE bit in CRO is set to 0. 
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10 System Management Mode (SMM) 


10.1 Overview 


SMM is an alternate operating mode entered by way ofa 
system management interrupt (SMI#) and handled by an 
interrupt service routine. SMM is designed for system control 
activities such as power management. These activities appear - 
transparent to conventional operating systems like DOS and 
Windows. SMM is primarily targeted for use by the Basic Input 
Output System (BIOS) and specialized low-level device drivers. 
The code and data for SMM are stored in the SMM memory 
area, which is isolated from main memory. 


The processor enters SMM by the system logic’s assertion of the 
SMI# interrupt and the processor’s acknowledgment by the 
assertion of SMIACT#. At this point the processor saves its 
state into the SMM memory state-save area and jumps to the 
SMM service routine. The processor returns from SMM when it 
executes the RSM (resume) instruction from within the SMM 
service routine. Subsequently, the processor restores its state 
from the SMM save area, negates SMIACT#, and resumes 
execution with the instruction following the point where it 
entered SMM. 


The following sections summarize the SMM state-save area, 
entry into and exit from SMM, exceptions and interrupts in 
SMM, memory allocation and addressing in SMM, and the SMI# 
and SMIACT# signals. 


10.2 SMM Operating Mode and Default Register Values 


The software environment within SMM has the following 
characteristics: 


Addressing and operation in Real mode 
4-Gbyte segment limits 


Default 16-bit operand, address, and stack sizes, although 
instruction prefixes can override these defaults 


= Control transfers that do not override the default operand 
size truncate the EIP to 16 bits 
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= Far jumps or calls cannot transfer control to a segment with 
a base address requiring more than 20 bits, as in Real mode 
segment-base addressing 


A20M# is masked 

Interrupt vectors use the Real-mode interrupt vector table 
The IF flag in EFLAGS is cleared (INTR not recognized) 
The TF flag in EFLAGS is cleared 

The NMI and INIT interrupts are disabled 

Debug register DR7 is cleared (debug traps disabled) 


Figure 73 shows the default map of the SMM memory area. It 
consists of a 64-Kbyte area, between 0003_0000h and 
0003_FFFFh, of which the top 32 Kbytes (0003_8000h to 
0003_FFFFh) must be populated with RAM. The default 
code-segment (CS) base address for the area—called the SMM 
base address—is at 0003_0000h. The top 512 bytes 
(0003_FE00h to 0003_FFFFh) contain a fill-down SMM 
state-save area. The default entry point for the SMM service 
routine is 0003_8000h. 
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Fill Down SMM 0003_FFFFh 


State-Save 


ici 0003_FEOOh 


32-Kbyte 
Minimum RAM 


SMM 
Service Routine 


Service Routine Entry Point 0003_8000h 





SMM Base Address (CS) 0003_0000h 


Figure 73. SMM Memory 








Table 35 shows the initial state of registers when entering SMM. 


Table 35. Initial State of Registers in SMM 


SMM Initial State 
General Purpose Registers 
EFLAGs 0000_0002h 


PE, EM, TS, and PG are cleared (bits 0, 2, 3, 
and 31). The other bits are unmodified. 


0 
7 0000_0400h 















CR 
DR 
a 
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10.3 SMM State-Save Area 


When the processor acknowledges an SMI# interrupt by 
asserting SMIACT#, it saves its state in a 512-byte SMM 
state-save area shown in Table 36. The save begins at the top of 
the SMM memory area (SMM base address + FFFFh) and fills 
down to SMM base address + FEOOh. 


Table 36 shows the offsets in the SMM state-save area relative 
to the SMM base address. The SMM service routine can alter 
any of the read/write values in the state-save area. 


Table 36. SMM State-Save Area Map 


Address Offset Contents Saved 


Fcoh 
5 
ch SCSCSC~ | 


Notes: 
— No data dump at that address 
* Only contains information if SMH# is asserted during a valid /O bus cycle. 
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Table 36. SMM State-Save Area Map (continued) 


[OTap Over 
a 
yore ar 

een SCSdSSCSCSCSCSCSCSCSCSCS 
Le 


‘A4h . ! 
‘Aoh 
F7Ch TSS Base 
F78h TSS Limit 
F74h 
F70h 
Ch 
















i 
ah CSCSSSSCSCSCSCSCS 
Tit 


Notes: 
- Nodata dump at that address 
* Only contains information if SMI# is asserted during a valid |/O bus cycle. 
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Table 36. SMM State-Save Area Map (continued) 


Address Offset Contents Saved 


Fao | Lanne 
a So 
righ ee 
rah 


I/O restart EDI* 
HALT Restart Slot 


FECh 
FFT-FEOOh ae 


Notes: 
~ No data dump at that address 
* Only contains information if SMI# is asserted during a valid I/O bus cycle. 


Fron 
Fh 
Ferch 
Feeh 
[Fer7-Feooh 





10.4 SMM Revision Identifier 


The SMM revision identifier at offset FEFCh in the SMM 
state-save area specifies the version of SMM and the extensions 
that are available on the processor. The SMM revision 
identifier fields are as follows: 

Bits 31-18 —Reserved 

Bit 17—SMM base address relocation (1 = enabled) 

Bit 16—W/O trap restart (1 = enabled) 


Bits 15-O—SMM revision level for the AMD-K6 MMX 
enhanced processor = 0002h 
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Table 37 shows the format of the SMM Revision Identifier. 


Table 37. SMM Revision Identifier 


SMM Base Relocation | I/O Trap Extension | SMM Revision Level 
Pe fp 


10.5 SMM Base Address 





During RESET, the processor sets the base address of the 
code-segment (CS) for the SMM memory area—the SMM base 
address—to its default, 0003_0000h. The SMM base address at 
offset FEF8h in the SMM state-save area can be changed by the 
SMM service routine to any address that is aligned toa 
32-Kbyte boundary. (Locations not aligned to a 32-Kbyte 
boundary cause the processor to enter the Shutdown state 
when executing the RSM instruction.) 


In some operating environments it may be desirable to relocate 
the 64-Kbyte SMM memory area to a high memory area in order 
to provide more low memory for legacy software. During 
system initialization, the base of the 64-Kbyte SMM memory 
area is relocated by the BIOS. To relocate the SMM base 
address, the system enters the SMM handler at the default 
address. This handler changes the SMM base address location 
in the SMM state-save area, copies “ SMM handler to the new 
location, and exits SMM. 


The next time SMM is entered, the processor saves its state at 
the new base address. This new address is used for every SMM 
entry until the SMM base address in the SMM state-save area is 
changed or a hardware reset occurs. 


10.6 Halt Restart Slot 


During entry into SMM, the halt restart slot at offset FF02h in 
the SMM state-save area indicates if SMM was entered from the 
Halt state. Before returning from SMM, the halt restart slot 
(offset FF02h) can be written to by the SMM service routine to 
specify whether the return from SMM takes the processor back 
to the Halt state or to the next instruction after the HLT 
instruction. 
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Upon entry into SMM, the halt restart slot is defined as follows: 
m Bits 15-1—Reserved 
s Bit O—Point of entry to SMM: 

1 = entered from Halt state 

0 = not entered from Halt state 


After entry into the SMI handler and before returning from 
SMM, the halt restart slot can be written using the following 
definition: 
mu Bits 15-1—Reserved 
a Bit O—Point of return when exiting from SMM: 

- 1=return to Halt state 

. 0 =return to next instruction after the HLT instruction 


If the return from SMM takes the processor back to the Halt 
state, the HLT instruction is not re-executed, but the Halt 
special bus cycle is driven on the bus after the return. 


10.7 1/0 Trap Dword 


If the assertion of SMI# is recognized during the execution of an 
I/O instruction, the I/O trap dword at offset FFA4h in the SMM 
state-save area contains information about the instruction. The 
fields of the I/O trap dword are configured as follows: 


a Bits 31-16—I/O port address 
m Bits 15—-4—Reserved 


ms Bit 3—REP (repeat) string operation (1 = REP string, 0 = not 
a REP string) 


s Bit 2—I/O string operation (1 = I/O string, 0 = not an I/O 
string) 


Bit 1—Valid I/O instruction (1 = valid, 0 = invalid) 
Bit O—Input or output instruction (1 = INx, 0 = OUTx) 


Table 38 shows the format of the I/O trap dword. 
Table 38. 1/0 Trap Dword Configuration 


1/0 Port Recerved REP String 1/0 String Valid 1/0 Input or 
Address ‘| Operation Operation Instruction Output 
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The I/O trap dword is related to the I/O trap restart slot (see 
“¥/O Trap Restart Slot” on page 10-9). If bit 1 of the I/O trap 
dword is set by the processor, it means that SMI# was asserted 
during the execution of an J/O instruction. The SMI handler 
tests bit 1 to see if there is a valid I/O instruction trapped. If the 
I/O instruction is valid, the SMI handler is required to ensure 
the I/O trap restart slot is set properly. The I/O trap restart slot 
informs the CPU whether it should re-execute the I/O 
instruction after the RSM or execute the instruction following 
the trapped I/O instruction. 


Note: If SMI# is sampled asserted during an I/O bus cycle a 
minimum of three clock edges before BRDY# is sampled 
asserted, the associated I/O instruction is guaranteed to be 
trapped by the SMI handler. 


10.8 1/0 Trap Restart Slot 


The I/O trap restart slot at offset FFO0h in the SMM state-save 
area specifies whether the trapped I/O instruction should be 
re-executed on return from SMM. This slot in the state-save 
area is called the J/O instruction restart function. Re-executing a 
trapped IJ/O instruction is useful, for example, if an I/O write 
occurs to a disk that is powered down. The system logic 
monitoring such an access can assert SMI#. Then the SMM 
service routine would query the system logic, detect a failed I/O 
write, take action to power-up the I/O device, enable the I/O 
trap restart slot feature, and return from SMM. 


The fields of the I/O trap restart slot are defined as follows: 


a Bits 31-16—Reserved 
= Bits 15-O—I/O instruction restart on return from SMM: 


0000h = execute the next instruction after the trapped 
V/O instruction 


OOFFh = re-execute the trapped J/O instruction 
Table 39 shows the format of the I/O trap restart slot. 


Table 39. 1/0 Trap Restart Slot 


1/0 Instruction restart on return from SMM: 


Reserved m 0000h=execute the next instruction after the trapped I/O 
m OOFFh=re-execute the trapped I/O instruction 
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The processor initializes the I/O trap restart slot to 0000h upon 
entry into SMM. If SMM was entered due to a trapped I/O 
instruction, the processor indicates the validity of the I/O 
instruction by setting or clearing bit 1 of the I/O trap dword at 
offset FFA4h in the SMM state-save area. The SMM service 
routine should test bit 1 of the I/O trap dword to determine if a 
valid I/O instruction was being executed when entering SMM 
and before writing the I/O trap restart slot. If the I/O instruction 
is valid, the SMM service routine can safely rewrite the J/O trap 
restart slot with the value 00FFh, which causes the processor to 
re-execute the trapped I/O instruction when the RSM 
instruction is executed. If the I/O instruction is invalid, writing 
the I/O trap restart slot has undefined results. 


If a second SMI# is asserted and a valid I/O instruction was 
trapped by the first SMM handler, the CPU services the second 
SMI# prior to re-executing the trapped I/O instruction. The 
second entry into SMM never has bit 1 of the I/O trap dword set, © 
and the second SMM service routine must not rewrite the I/O 
trap restart slot. 


During a simultaneous SMI# I/O instruction trap and debug 
breakpoint trap, the AMD-K6 MMX enhanced processor first 
responds to the SMI# and postpones recognizing the debug 
exception until after returning from SMM via the RSM 
instruction. If the debug registers DR3-DRO are used while in 
SMM, they must be saved and restored by the SMM handler. 
The processor automatically saves and restores DR7-DR6. If 
the I/O trap restart slot in the SMM state-save area contains the 
value 00FFh when the RSM instruction is executed, the debug 
trap does not occur until after the I/O instruction is 
re-executed. 


10.9 Exceptions, Interrupts, and Debug in SMM 


During an SMI# I/O trap, the exception/interrupt priority of the 
AMD-K6 processor changes from its normal priority. The 
normal priority places the debug traps at a priority higher than 
the sampling of the FLUSH# or SMI# signals. However, during 
an SMI# I/O trap, the sampling of the FLUSH# or SMI# signals 
takes precedence over debug traps. 


The processor recognizes the assertion of NMI within SMM 
immediately after the completion of an IRET instruction. Once 
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NMI is recognized within SMM, NMI recognition remains 
enabled until SMM is exited, at which point NMI masking is 
restored to the state it was in before entering SMM. 
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WW Test and Debug 


The AMD-K6 MMX enhanced processor implements various 
test and debug modes to enable the functional and 
manufacturing testing of systems and boards that use the 
processor. In addition, the debug features of the processor 
allow designers to debug the instruction execution of software 
components. This chapter describes the following test and 
debug features: 


m Built-In Self-Test (BIST)—The BIST, which is invoked after 
the falling transition of RESET, runs internal tests that 
exercise most on-chip RAM and ROM structures. 

m Tri-State Test Mode—A test mode that causes the processor 
to float its output and bidirectional pins. 

m Boundary-Scan Test Access Port (TAP)—The Joint Test Action 
Group (JTAG) test access function defined by the JEEE 
Standard Test Access Port and Boundary-Scan Architecture 
(IEEE 1149.1-1990) specification. 

m Level-One (L1) Cache Inhibit—A feature that disables the 
processor’s internal L1 instruction and data caches. 

m Debug Support—Consists of all x86-compatible software 
debug features, including the debug extensions. 


11.1 Built-In Self-Test (BIST) 


Test and Debug 


Following the falling transition of RESET, the processor 
unconditionally runs its BIST. The internal resources tested 
during BIST include the following: 


L1 instruction and data caches 

Instruction and Data Translation Lookaside Buffers (TLBs) 
Microcode Read-Only Memory (ROM) 

Programmable Logic Arrays 


The contents of the EAX general-purpose register after the 
completion of reset indicate if the BIST was successful. If EAX 
contains 0000_0000h, then BIST was successful. If EAX is 
non-zero, the BIST failed. Following the completion of the 
BIST, the processor jumps to address FFFF_FFFOh to start 
instruction execution, regardless of the outcome of the BIST. 
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The BIST takes approximately 295,000 processor clocks to 
complete. 


11.2 Tri-State Test Mode 


The Tri-State Test mode causes the processor to float its output 
and bidirectional pins, which is useful for board-level 
manufacturing testing. In this mode, the processor is 
electrically isolated from other components on a system board, 
allowing automated test equipment (ATE) to test components 
that drive the same signals as those the processor floats. 


If the FLUSH# signal is sampled Low during the falling 
transition of RESET, the processor enters the Tri-State Test 
mode. (See “FLUSH# (Cache Flush)” on page 5-19 for the 
specific sampling requirements.) The signals floated in the 
Tri-State Test mode are as follows: 


A[31:3] 


i a D/C# = M/IO# 

a ADS# = D[63:0] =» PCD 

as ADSC# ms DP([7:0] mu PCHK# 

mu AP ms FERR# =» PWT 

=m APCHK# = HIT# m SCYC 

ms BE[7:0]# = HITM# = SMIACT#H 
m BREQ ma HLDA a W/R# 

=a CACHE# ms LOCK# 


The VCC2DET and TDO signals are the only outputs not 
floated in the Tri-State Test mode. VCC2DET must remain Low 
to ensure the system continues to supply the specified 
processor core voltage to the Vcc? pins. TDO is never floated 
because the Boundary-Scan Test Access Port must remain 
enabled at all times, including during the Tri-State Test mode. 


The Tri-State Test mode is exited when the processor samples 
RESET asserted. 
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11.3 Boundary-Scan Test Access Port (TAP) 


Test Access Port 


TAP Signals 


Test and Debug 


The boundary-scan Test Access Port (TAP) is an IEEE standard 
that defines synchronous scanning test methods for complex 
logic circuits, such as boards containing a processor. The 
AMD-K6 MMX enhanced processor supports the TAP standard 
defined in the IEEE Standard Test Access Port and 
Boundary-Scan Architecture (IEEE 1149.1-1990) specification. 


Boundary scan testing uses a shift register consisting of the 
serial interconnection of boundary-scan cells that correspond 
to each I/O buffer of the processor. This non-inverting register 
chain, called a Boundary Scan Register (BSR), can be used to 
capture the state of every processor pin and to drive every 
processor output and bidirectional pin to a known state. 


Each BSR of every component on a board that implements the 
boundary-scan architecture can be serially interconnected to 
enable component interconnect testing. - 


The TAP consists of the following: 


m Test Access Port (TAP) Controller—The TAP controller is a 
synchronous, finite state machine that uses the TMS and 
TDI input signals to control a sequence of test operations. 
See “TAP Controller State Machine” on page 11-10 for a list 
of TAP states and their definition. 


m Instruction Register (IR)—The IR contains the instructions 
that select the test operation to be performed and the Test 
Data Register (TDR) to be selected. See “TAP Registers” 
on page 11-4 for more details on the IR. 


m Test Data Registers (TDR)—The three TDRs are used to 
process the test data. Each TDR is selected by an 
instruction in the Instruction Register (IR). See “TAP 
Registers” on page 11-4 for a list of these registers and their 
functions. 


The test signals associated with the TAP controller are as 
follows: | 


us TCK—The Test Clock for all TAP operations. The rising 
edge of TCK is used for sampling TAP signals, and the 
falling edge of TCK is used for asserting TAP signals. The 
state of the TMS signal sampled on the rising edge of TCK 
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TAP Registers 


11-4 


causes the state transitions of the TAP controller to occur. 
TCK can be stopped in the logic 0 or 1 state. 


us TDI—The Test Data Input represents the input to the most 
significant bit of all TAP registers, including the IR and all 
test data registers. Test data and instructions are serially 
shifted by one bit into their respective registers on the 
rising edge of TCK. 


ms YTDO—The Test Data Output represents the output of the 
least significant bit of all TAP registers, including the IR 
and all test data registers. Test data and instructions are 
serially shifted by one bit out of their respective registers on 
the falling edge of TCK. 


m= TMS—The Test Mode Select input specifies the test 
function and sequence of state changes for boundary-scan 
testing. If TMS is sampled High for five or more consecutive 
clocks, the TAP controller enters its reset state. 


us TRST#—The Test Reset signal is an asynchronous reset that 
unconditionally causes the TAP controller to enter its reset 
state. 


Refer to “Electrical Data” on page 14-1 and “Signal Switching 
Characteristics” on page 16-1 to obtain the electrical 
specifications of the test signals. 


The AMD-K6 processor provides an Instruction Register (IR) 
and three Test Data Registers (TDR) to support the 
boundary-scan architecture. The IR and one of the TDRs—the 
Boundary-Scan Register (BSR)—consist of a shift register and 
an output register. The shift register is loaded in parallel in the 
Capture states. (See “TAP Controller State Machine” on page 
11-10 for a description of the TAP controller states.) In 
addition, the shift register is loaded and shifted serially in the 
Shift states. The output register is loaded in parallel from its 
corresponding shift register in the Update states. 


Instruction Register (IR). The IR is a 5-bit register, without parity, 
that determines which instruction to run and which test data 
register to select. When the TAP controller enters the 
Capture-IR state, the processor loads the following bits into 
the IR shift register: 


- m 01b—Loaded into the two least significant bits, as specified 


by the IEEE 1149.1 standard 
ms 000b—Loaded into the three most significant bits 
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Loading 00001b into the IR shift register during the 
Capture-IR state results in loading the SAMPLE/PRELOAD 
instruction. 


For each entry into the Shift-IR state, the IR shift register is 
serially shifted by one bit toward the TDO pin. During the 
shift, the most significant bit of the IR shift register is loaded 
from the TDI pin. 


The IR output register is loaded from the IR shift registerin the 
Update-IR state, andthe current instructionis defined by the IR 
output register. See “TAP Instructions” on page 11-9 fora list 
and definition of the instructions supported by the AMD-K6. 


Boundary Scan Register (BSR). The BSR is a Test Data Register 
consisting of the interconnection of 152 boundary-scan cells. 
Each output and bidirectional pin of the processor requires a 
two-bit cell, where one bit corresponds to the pin and the other 
bit is the output enable for the pin. When a 0 is shifted into the 
enable bit of a cell, the corresponding pin is floated, and when 
a 1 is shifted into the enable bit, the pin is driven valid. Each 
input pin requires a one-bit cell that corresponds to the pin. 
The last cell of the BSR is reserved and does not correspond to 
any processor pin. 


The total number of bits that comprise the BSR is 281. Table 40 
on page 11-7 lists the order of these bits, where TDI is the input 
to bit 280, and TDO is driven from the output of bit 0. The 
entries listed as pin_E (where pin is an output or bidirectional 
signal) are the enable bits. 


If the BSR is the register selected by the current instruction 
and the TAP controller is in the Capture-DR state, the 
processor loads the BSR shift register as follows: 


m If the current instruction is SAMPLE/PRELOAD, then the 
current state of each input, output, and bidirectional pin is 
loaded. A bidirectional pin is treated as an output if its 
enable bit equals 1, and it is treated as an input if its enable 
bit equals 0. 


m If the current instruction is EXTEST, then the current state 
of each input pin is loaded. A bidirectional pin is treated as 
an input, regardless of the state of its enable. 
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While in the Shift-DR state, the BSR shift register is serially 
shifted toward the TDO pin. During the shift, bit 280 of the 
BSR is loaded from the TDI pin. 


The BSR encout register is loaded with the contents of the BSR 
shift register in the Update-DR state. If the current instruction 
is EXTEST, the processor’s output pins, as well as those 
bidirectional pins that are enabled as outputs, are driven with 
their corresponding values from the BSR output register. 
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Table 40. Boundary Scan Bit Definitions 
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Table 40. Boundary Scan Bit Definitions (continued) 
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Device Identification Register (DIR). The DIR is a 32-bit Test Data 
Register selected during the execution of the IDCODE 
instruction. The fields of the DIR and their values are shown in 
Table 41 and are defined as follows: 


u Version Code—This 4-bit field is incremented by AMD 
manufacturing for each major revision of silicon. 


= Part Number—This 16-bit field identifies the specific 
processor model. 


NT WY Ww 
— 


wm 


[o~] 





m Manufacturer—This 11-bit field identifies the manufacturer 
of the component (AMD). 


= LSB—The least significant bit (LSB) of the DIR is always set 
to 1, as specified by the IEEE 1149.1 standard. 


Table 41. Device Identification Register 


Version Code Part Number Manufacturer LSB 
(Bits 31-28) (Bits 27-12) (Bits 11-1) (Bit 0) 
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Bypass Register (BR). The BR is a Test Data Register consisting of 
a 1-bit shift register that provides the shortest path between 
TDI and TDO. When the processor is not involved in a test 
operation, the BR can be selected by an instruction to allow 
the transfer of test data through the processor without having 
to serially scan the test data through the BSR. This 
functionality preserves the state of the BSR and significantly 
reduces test time. 


The BR register is selected by the BYPASS and HIGHZ 
instructions as well as by any instructions not supported by the 
AMD-K6. 


TAP Instructions The processor supports the three instructions required by the 
IEEE 1149.1 standard—EXTEST, SAMPLE/PRELOAD, and 
BYPASS—as well as two additional optional instructions— 

IDCODE and HIGHZ. 


Table 42 shows the complete set of TAP instructions supported 
by the processor along with the 5-bit Instruction Register 
encoding and the register selected by each instruction. 


Table 42. Supported Tap Instructions 
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BYPASS? 00100b-11110b Undefined instruction, execute the BYPASS instruction 
BYPASS? | Nb Connect TDI to TDO to bypass the BSR 


. Following the execution of the EXTEST instruction, the processor must be reset in order to return to normal, non-test operation. 
2. These instruction encodings are undefined on the AMD-K6 processor and default to the BYPASS instruction. 


3. Because the TDI input contains an internal pullup, the BYPASS instruction is executed if the TDI input is not connected or open 
during an instruction scan operation. The BYPASS instruction does not affect the normal operational state of the processor. 












EXTEST. When the EXTEST instruction is executed, the 
processor loads the BSR shift register with the current state of 
the input and bidirectional pins in the Capture-DR state and 
drives the output and bidirectional pins with the 
corresponding values from the BSR output register in the 
Update-DR state. 


Test and Debug 11-9 


AMD@a@ 


Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 


TAP Controller State 
Machine 
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SAMPLE/PRELOAD. The SAMPLE/PRELOAD instruction 
performs two functions. These functions are as follows: 


= During the Capture-DR state, the processor loads the BSR 
shift register with the current state of every input, output, 
‘and bidirectional pin. 


= During the Update-DR state, the BSR output register is 
loaded from the BSR shift register in preparation for the 
next EXTEST instruction. 


The SAMPLE/PRELOAD instruction does not affect the 
normal operational state of the processor. 


BYPASS. The BYPASS instruction selects the BR register, which 
reduces the boundary-scan length through the processor from 
281 to one (TDI to BR to TDO). The BYPASS instruction does 
not affect the normal operational state of the processor. 


IDCODE. The IDCODE instruction selects the DIR register, 
allowing the device identification code to be shifted out of the 
processor. This instruction is loaded into the IR when the TAP 
controller is reset. The IDCODE instruction does not affect the 
normal operational state of the processor. 


HIGHZ. The HIGHZ instruction forces all output and 
bidirectional pins to be floated. During this instruction, the BR 
is selected and the normal operational state of the processor is 
not affected. 


The TAP controller state diagram is shown in Figure 74 on 
page 11-11. State transitions occur on the rising edge of TCK. 
The logic 0 or 1 next to the states represents the value of the 
TMS signal sampled by the processor on the rising edge of 
TCK. 
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Figure 74. TAP State Diagram 
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The states of the TAP controller are described as follows: 


Test-Logic-Reset. This state represents the initial reset state of 
the TAP controller and is entered when the processor samples 
RESET asserted, when TRST# is asynchronously asserted, and 
when TMS is sampled High for five or more consecutive clocks. 
In addition, this state can be entered from the Select-IR-Scan 
state. The IR is initialized with the IDCODE instruction, and 
the processor’s normal operation is not affected in this state. 


Capture-DR. During the SAMPLE/PRELOAD instruction, the 
processor loads the BSR shift register with the current state of 
every input, output, and bidirectional pin. During the EXTEST 
instruction, the processor loads the BSR shift register with the 
current state of every input and bidirectional pin. 


Capture-IR. When the TAP controller enters the Capture-IR 
state, the processor loads 01b into the two least significant bits 
of the IR shift register and loads 000b into the three most 
significant bits of the IR shift register. 


Shift-DR. While in the Shift-DR state, the selected TDR shift 
register is serially shifted toward the TDO pin. During the 
shift, the most significant bit of the TDR is loaded from the 
TDI pin. 


Shift-IR. While in the Shift-IR state, the IR shift register is 
serially shifted toward the TDO pin. During the shift, the most 
significant bit of the IR is loaded from the TDI pin. 


Update-DR. During the SAMPLE/PRELOAD instruction, the 
BSR output register is loaded with the contents of the BSR 
shift register. During the EXTEST instruction, the output pins, 
as well as those bidirectional pins defined as outputs, are 
driven with their corresponding values from the BSR output 
register. 


Update-IR. In this state, the IR output register is loaded from the 
IR shift register, and the current instruction is defined by the 
IR output register. 
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The following states have no effect on the normal or test 
operation of the processor other than as shown in Figure 74 on 
page 11-11: 


m Run-Test/Idle—This state is an idle state between scan 
operations. 


m Select-DR-Scan—This is the initial state of the test data 
register state transitions. 


a Select-IR-Scan—This is the initial state of the Instruction 
Register state transitions. 


m Exitl-DR—This state is entered to terminate the shifting 
process and enter the Update-DR state. 


w Exiti-IR—This state is entered to terminate the shifting 
process and enter the Update-IR state. 


m Pause-DR—This state is entered to temporarily stop the 
shifting process of a Test Data Register. 


= Pause-IR—This state is entered to temporarily stop the 
shifting process of the Instruction Register. 


m Exit2-DR—This state is entered in order to either terminate 
the shifting process and enter the Update-DR state or to 
resume shifting following the exit from the Pause-DR state. 


m Exit2-I[R—This state is entered in order to either terminate 
the shifting process and enter the Update-IR state or to 
resume shifting following the exit from the Pause-IR state. 


11.4 L1 Cache Inhibit 


Purpose 


Test and Debug 


The AMD-K6 MMX enhanced processor provides a means for 
inhibiting the normal operation of its L1 instruction and data 
caches while still supporting an external Level-2 (L2) cache. 
This capability allows system designers to disable the L1 cache 
during the testing and debug of an L2 cache. 


If the Cache Inhibit bit (bit 3) of Test Register 12 (TR12) is set 
to 0, the processor’s L1 cache is enabled and operates as 
described in “Cache Organization” on page 8-1. If the Cache 
Inhibit bit is set to 1, the L1 cache is disabled and no new cache 
lines are allocated. Even though new allocations do not occur, 
valid L1 cache lines remain valid and are read by the processor 
when a requested address hits a cache line. In addition, the 
processor continues to support inquire cycles initiated by the 


11-13 


AMD¢1 


Preliminary Information 


AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 
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Debug Registers 
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system logic, including the execution of writeback cycles when 
a modified cache line is hit. 


While the L1 is inhibited, the processor continues to drive the 
PCD output signal appropriately, which system logic can use to 
control external L2 caching. 


In order to completely disable the Li cache so no valid lines 
exist in the cache, the Cache Inhibit bit must be set to 1 and 
the cache must be flushed in one of the following ways: 


m By asserting the FLUSH# input signal 
m By executing the WBINVD instruction 


u By executing the INVD instruction (modified cache lines are 
not written back to memory) . 


The AMD-K6 processor implements the standard x86 debug 
functions, registers, and exceptions. In addition, the processor 
supports the I/O breakpoint debug extension. The debug 
feature assists programmers and system designers during 
software execution tracing by generating exceptions when one 
or more events occur during processor execution. The 
exception handler, or debugger, can be written to perform 
various tasks, such as displaying the conditions that caused the 
breakpoint to occur, displaying and modifying register or 
memory contents, or single-stepping through program 
execution. 


The following sections describe the debug registers and the 
various types of breakpoints and exceptions that the processor 
supports. 


Figures 75 through 78 show the 32-bit debug registers 
supported by the processor. 
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Symbol 


Description 
General Detect Enabled 
Global Exact Breakpoint Enabled 
Local Exact Breakpoint Enabled 
Global Exact Breakpoint # 3 Enabled 
Local Exact Breakpoint # 3 Enabled 
Global Exact Breakpoint # 2 Enabled 
Local Exact Breakpoint # 2 Enabled 
Global Exact Breakpoint # 1 Enabled 
Local Exact Breakpoint # 1 Enabled 
Global Exact Breakpoint # 0 Enabled 
Local Exact Breakpoint # 0 Enabled 


Figure 75. Debug Register DR7 
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Symbol 
LEN 3 
RW 3 
LEN 2 
RW 2 
LEN 1 
RW 1 
LEN 0 
RW0 


Description Bits 
Length of Breakpoint #3 31-30 
Type of Transaction(s) to Trap 29-28 
Length of Breakpoint #2 27-26 
Type of Transaction(s) to Trap 25-24 
Length of Breakpoint #1 23-22 
Type of Transaction(s) to Trap 21-20 
Length of Breakpoint #0 19-18 


Type of Transaction(s) to Trap 17-16 


Wr 


1 
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 2 1 «0 


AW 
Nw 
Ww 
No 


[ees] —»> Reserved 


Symbol Description Bit 
BT Breakpoint Task Switch 15 
BS Breakpoint Single Step 14 
BD Breakpoint Debug Access Detected 13 
B3 Breakpoint #3 Condition Detected 3 
B2 Breakpoint #2 Condition Detected 2 
BI Breakpoint #1 Condition Detected 1 
BO Breakpoint #0 Condition Detected 0 


Figure 76. Debug Register DR6 


DR5 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 2 «1 «0 





Reserved 


DR4 


3] 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1413 12 1110 9 8 7 6 5 432 1 «0 


Reserved 





Figure 77. Debug Registers DR5 and DR4 
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 43 2 «1 «0 


Breakpoint 3 32-bit Linear Address 





DR2 





DRI 


3] 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1413 12: 1110 9 8 7 6 5 43 2 «1 «0 


Breakpoint 2 32-bit Linear Address 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 2 +1 «0 


Breakpoint 1 32-bit Linear Address 





DRO 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 43 2°21 «0 


Breakpoint 0 32-bit Linear Address 





Figure 78. Debug Registers DR3, DR2, DR1, and DRO 


Test and Debug 


DR3-DRO. The processor allows the setting of up to four 
breakpoints. DR3-DRO contain the linear addresses for 
breakpoint 3 through breakpoint 0, respectively, and are 
compared to the linear addresses of processor cycles to 
determine if a breakpoint occurs. Debug register DR7 defines 
the specific type of cycle that must occur in order for the 
breakpoint to occur. 


DR5-DR4. When debugging extensions are disabled (bit 3 of 
CR4 is set to 0), the DR5 and DR4 registers are mapped to DR7 
and DR6, respectively, in order to be software compatible with 
previous generations of x86 processors. When debugging 
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extensions are enabled (bit 3 of CR4 is set to 1), any attempt to 
load DR5 or DR4 results in an undefined opcode exception. 
Likewise, any attempt to store DR5 or DR4 also results in an 
undefined opcode exception. 


DR6. If a breakpoint is enabled in DR7, and the breakpoint 
conditions as defined in DR7 occur, then the corresponding 
B-bit (B3-B0) in DR6 is set to 1. In addition, any other 
breakpoints defined using these particular breakpoint 
conditions are reported by the processor by setting the 
appropriate B-bits in DR6, regardless of whether these 
breakpoints are enabled or disabled. However, if a breakpoint 
is not enabled, a debug exception does not occur for that 
breakpoint. 


If the processor decodes an instruction that writes or reads 
DR7 through DRO, the BD bit (bit 13) in DR6 is set to 1 (if 
enabled in DR7) and the processor generates a debug 
exception. This operation allows control to pass to the 
debugger prior to debug register access by software. 


If the Trap Flag (bit 8) of the EFLAGS register is set to 1, the 
processor generates a debug exception after the successful 
execution of every instruction (single-step operation) and sets 
the BS bit (bit 14) in DR6 to indicate the source of the 
exception. 


When the processor switches to a new task and the debug trap 
bit (T-bit) in the corresponding Task State Segment (TSS) is set 
to 1, the processor sets the BT bit (bit 15) in DR6 and generates 
a debug exception. 


DR7. When set to 1, L3-L0 locally enable breakpoints 3 through 
0, respectively. L3-LO are set to 0 whenever the processor 
executes a task switch. Setting L3-L0 to 0 disables the 
breakpoints and ensures that these particular debug 
exceptions are only generated for a specific task. 


When set to 1, G3-G0 globally enable breakpoints 3 through 0, 
respectively. Unlike L3~—L0, G3-GO are not set to 0 whenever 
the processor executes a task switch. Not setting G3-G0 to 0 
allows breakpoints to remain enabled across all tasks. If a 
breakpoint is enabled globally but disabled locally, the global 
enable overrides the local enable. 
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The LE (bit 8) and GE (bit 9) bits in DR7 have no effect on the 
operation of the processor and are provided in order to be 
software compatible with previous generations of x86 
processors. 


When set to 1, the GD bit in DR7 (bit 13) enables the debug 
exception associated with the BD bit (bit 13) in DR6. This bit is 
set to 0 when a debug exception is generated. 


LEN3-LENO and RW3-RW0O are two-bit fields in DR7 that 
specify the length and type of each breakpoint as defined in 
Table 43. 


Table 43. DR7 LEN and RW Definitions 


| tenets | mwsits | _Breakpoint 
| | abt __ Instruction Execution 


One-byte Data Write 
Two-byte Data Write 
Four- | Four-byte Data Write | Data Write 


| bs One- route Da ite I/O Read or Write 
|. Ob Two-byte I/O Read or Write 
a ee Four-byte I/O Read or Write 
























-One-byte Data Read or Write 
Two-byte Data Read or Write 
Four-byte Data Read or Write 


1. LEN bits equal to 10b is undefined. 
2 When RW equals 00b, LEN must be equal to 00b. 


3. When RW equals 10b, debugging extensions (DE) must be enabled (bit 3 of CR4 must be set 
to 1). If DE is set to 0, then RW equal to 10b is undefined. 


A debug exception is categorized as either a debug trap ora 
debug fault. A debug trap calls the debugger following the 
execution of the instruction that caused the trap. A debug fault 
calls the debugger prior to the execution of the instruction that 
caused the fault. All debug traps and faults generate either an 


Interrupt 01h or an Interrupt 03h exception. 
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Interrupt OIh. The following events are considered debug traps 
that cause the processor to generate an Interrupt 01h 
exception: 


mw Enabled breakpoints for data and I/O cycles 
m Single Step Trap 
= Task Switch Trap 


The following events are considered debug faults that cause 
the processor to generate an Interrupt 01h exception: 


m Enabled breakpoints for instruction execution 
a BD bitin DR6 set to1 


Interrupt 03h. The INT 3 instruction is defined in the x86 
architecture as a breakpoint instruction. This instruction 
causes the processor to generate an Interrupt 03h exception. 
This exception is a debug trap because the debugger is called 
following the execution of the INT 3 instruction. 


The INT 3 instruction is a one-byte instruction (opcode CCh) 
typically used to insert a breakpoint in software by writing 
CCh to the address of the first byte of the instruction to be 
trapped (the target instruction). Following the trap, if the 
target instruction is to be executed, the debugger must replace 
the INT 3 instruction with the first byte of the target 
instruction. 


Test and Debug 
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Clock Control 


The AMD-K6 MMX enhanced processor supports five modes of 
clock control. The processor can transition between these 
modes to maximize performance, to minimize power 
dissipation, or to provide a balance between performance and 
power. (See “Power Dissipation” on page 14-3 for the 
maximum power dissipation of the AMD-K6 processor within 
the normal and reduced-power states.) 


The five clock-control states supported are as follows: 


Normal State: The processor is running in Real Mode, 
Virtual-8086 Mode, Protected Mode, or System Management 
Mode (SMM). In this state, all clocks are running—including 
the external bus clock CLK and the internal processor 
clock—and the full features and functions of the processor 
are available. 


Halt State: This low-power state is entered following the 
successful execution of the HLT instruction. During this 
state, the internal processor clock is stopped. 


Stop Grant State: This low-power state is entered following 
the recognition of the assertion of the STPCLK# signal. 
During this state, the internal processor clock is stopped. 


Stop Grant Inquire State: This state is entered from the Halt 
state and the Stop Grant state as the result of a 
system-initiated inquire cycle. 

Stop Clock State: This low-power state is entered from the 
Stop Grant state when the CLK signal is stopped. 


The following sections describe each of the four low-power 
states. Figure 79 on page 12-6 illustrates the clock control state 
transitions. 
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12.1 Halt State 


Enter Halt State 


Exit Halt State 
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During the execution of the HLT instruction, the AMD-K6 
MMxX enhanced processor executes a Halt special cycle. After 
BRDY# is sampled asserted during this cycle, and then EWBE# 
is also sampled asserted, the processor enters the Halt state in 
which the processor disables most of its internal clock 
distribution. In order to support the following operations, the 
internal phase-lock loop (PLL) still runs, and some internal 
resources are still clocked in the Halt state: 


= Inquire Cycles: The processor continues to sample AHOLD, 
BOFF#, and HOLD in order to support inquire cycles that 
are initiated by the system logic. The processor transitions 
to the Stop Grant Inquire state during the inquire cycle. 
After returning to the Halt state following the inquire cycle, 
the processor does not execute another Halt special cycle. 


m Flush Cycles: The processor continues to sample FLUSH#. If 
FLUSH# is sampled asserted, the processor performs the 
flush operation in the same manner as it is performed in the 
Normal state. Upon completing the flush operation, the 
processor executes the Halt special cycle which indicates 
the processor is in the Halt state. 


= Time Stamp Counter (TSC): The TSC continues to count in 
the Halt state. 


m Signal Sampling: The processor continues to sample INIT, 
INTR, NMI, RESET, and SMI#. 


After entering the Halt state, all signals driven by the processor 
retain their state as they existed following the completion of 
the Halt special cycle. 


The AMD-K6 processor remains in the Halt state until it 
samples INIT, INTR (if interrupts are enabled), NMI, RESET, 
or SMI# asserted. If any of these signals is sampled asserted, 
the processor returns to the Normal state and performs the 
corresponding operation. All of the normal requirements for 
recognition of these input signals apply within the Halt state. 


Clock Control 
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12.2 Stop Grant State 


Enter Stop Grant 
State 


Exit Stop Grant State 


Clock Control 


After recognizing the assertion of STPCLK#, the AMD-K6 MMX 
enhanced processor flushes its instruction pipelines, completes 
all pending and in-progress bus cycles, and acknowledges the 
STPCLK# assertion by executing a Stop Grant special bus 
cycle. After BRDY# is sampled asserted during this cycle, and 
then EWBE+# is also sampled asserted, the processor enters the 
Stop Grant state. The Stop Grant state is like the Halt state in 
that the processor disables most of its internal clock 
distribution in the Stop Grant state. In order to support the 
following operations, the internal PLL still runs, and some 
internal resources are still clocked in the Stop Grant state: 


= Inquire cycles: The processor transitions to the Stop Grant 
Inquire state during an inquire cycle. After returning to the 
Stop Grant state following the inquire cycle, the processor 
does not execute another Stop Grant special cycle. 


s Time Stamp Counter (TSC): The TSC continues to count in 
the Stop Grant state. 


= Signal Sampling: The processor continues to sample INIT, 
INTR, NMI, RESET, and SMI#. 


FLUSH# is not recognized in the Stop Grant state (unlike while 
in the Halt state). 


Upon entering the Stop Grant state, all signals driven by the 
processor retain their state as they existed following the 
completion of the Stop Grant special cycle. 


The AMD-K6 processor remains in the Stop Grant state until it 
samples STPCLK# negated or RESET asserted. If STPCLK# is 
sampled negated, the processor returns to the Normal state in 
less than 10 bus clock (CLK) periods. After the transition to the 
Normal state, the processor resumes execution at the 
instruction boundary on which STPCLK# was initially 
recognized. 


If STPCLK# is recognized as negated in the Stop Grant state 
and subsequently sampled asserted prior to returning to the 
Normal state, the AMD-K6 processor guarantees that a 
minimum of one instruction is executed prior to re-entering the 
Stop Grant state. 
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If INIT, INTR (if interrupts are enabled), FLUSH#, NMI, or 
SMI# are sampled asserted in the Stop Grant state, the 
processor latches the edge-sensitive signals (INIT, FLUSH#, 
NMI, and SMI#), but otherwise does not exit the Stop Grant 
state to service the interrupt. When the processor returns to the 
Normal state due to sampling STPCLK# negated, any pending 
interrupts are recognized after returning to the Normal state. 
To ensure their recognition, all of the normal requirements for 
these input signals apply within the Stop Grant state. 


If RESET is sampled asserted in the Stop Grant state, the 
processor immediately returns to the Normal state and the 
reset process begins. 


12.3 Stop Grant Inquire State 


Enter Stop Grant 
Inquire State 


Exit Stop Grant 
Inquire State 


The Stop Grant Inquire state is entered from the Stop Grant 
state or the Halt state when EADS# is sampled asserted during 
an inquire cycle initiated by the system logic. The AMD-K6 
MMxX enhanced processor responds to an inquire cycle in the 
same manner as in the Normal state by driving HIT# and 
HITM#. If the inquire cycle hits a modified data cache line, the 
processor performs a writeback cycle. 


Following the completion of any writeback, the processor 
returns to the state from which it entered the Stop Grant 
Inquire state. 


12.4 Stop Clock State 


Enter Stop Clock 
State 
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If the CLK signal is stopped while the AMD-K6 processor is in 
the Stop Grant state, the processor enters the Stop Clock state. 
Because all internal clocks and the PLL are not running in the 
Stop Clock state, the Stop Clock state represents the 
minimum-power state of all clock control states. The CLK 
signal must be held Low while it is stopped. 


The Stop Clock state cannot be entered from the Halt state. 
INTR is the only input signal that is allowed to change states 


while the processor is in the Stop Clock state. However, INTR is 
not sampled until the processor returns to the Stop Grant state. 


Clock Control 
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Exit Stop Clock State 
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All other input signals must remain unchanged in the Stop 
Clock state. 


The AMD-K6 MMX enhanced processor returns to the Stop 
Grant state from the Stop Clock state after the CLK signal is 
started and the internal PLL has stabilized. PLL stabilization is 
achieved after the CLK signal has been running within its 
specification for a minimum of 1.0 ms. 


The frequency of CLK when exiting the Stop Clock state can be 
different than the frequency of CLK when entering the Stop 
Clock state. 


The state of the BF[2:0] signals when exiting the Stop Clock 


state is ignored because the BF[2:0] signals are only sampled 
during the falling transition of RESET. 


12-5 


AMD el Preliminary Information 
AMD-K6™ MMX™ Enhanced Processor Data Sheet 20695E/0—June 1997 








HLT Instruction STPCLK# Asserted 










Normal Mode 



















- Real 
RESET, SMIf, INIT, - Virtual-8086 STPCLK# Negated, 
or INTR Asserted - Protected or RESET Asserted 


- SMM 





EADS# Asserted EADS# Asserted 
















Stop Grant 
Inquire 
State 


Stop Grant 
State 







Writeback 
Completed 


Writeback 
Completed 





CLK 
Started 







CLK 
Stopped 


Stop Clock 
State 


Figure 79. Clock Control State Transitions 
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13 Power and Grounding 


13.1 Power Connections 


Power and Grounding 


The AMD-K6 MMX enhanced processor is a dual voltage device. 
Two separate supply voltages are required: Vcc, and V¢c3- Vec2 
provides the core voltage for the processor and V3 provides the 
I/O voltage. See “Electrical Data” on page 14-1 for the value and 
range of Vcc; and V¢c3- 


There are 28 Vcc, 32 Vec3, and 68 Vgg pins on the AMD-K6 
processor. (See “Pin Designations” on page 19-1 for all power 
and ground pin designations.) The large number of power and 
ground pins are provided to ensure that the processor and 
package maintain a clean and stable power distribution 
network. , 


For proper operation and functionality, all Voc, Vec3, and Vg 
pins must be connected to the appropriate planes in the circuit 
board. The power planes have been arranged in a pattern to 
simplify routing and minimize crosstalk on the circuit board. 
The isolation region between two voltage planes must be at 
least 0.254mm if they are in the same layer of the circuit board. 
(See Figure 80.) In order to maintain a low-impedance current 
sink and reference, the ground plane must never be split. 


Although the AMD-K6 has two separate supply voltages, there 
are no special power sequencing requirements. The best 
procedure is to minimize the time between which V¢c2 and V¢c3 
are either both on or both off. 
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13.2 
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0.254mm (min.) for 


isolation region 
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Figure 80. Suggested Component Placement 


- Decoupling Recommendations 


In addition to the isolation region mentioned in “Power 
Connections” on page 13-1, adequate decoupling capacitance is 
required between the two system power planes and the ground 
plane to minimize ringing and to provide a low-impedance path 
for return currents. Suggested decoupling capacitor placement 
is shown in Figure 80. 


Surface mounted capacitors should be used under the 
processor’s ZIF socket to minimize resistance and inductance in 
the lead lengths while maintaining minimal height. For 
information and recommendations about the specific value, 
quantity, and location of the capacitors, see the AMD-K6™ 
MMX™ Enhanced Processor Power Supply Design Application 
Note, order# 21103. 


Power and Grounding 
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13.3 Pin Connection Requirements 


For proper operation, the following requirements for signal pin 
connections must be met: 


Power and Grounding 


Do not drive address and data signals into large capacitive 
loads at high frequencies. If necessary, use buffer chips to 
drive large capacitive loads. 


Leave all NC (no-connect) pins unconnected. 


Unused inputs should always be connected to an 
appropriate signal level. 


¢ Active Low inputs that are not being used should be 
- connected to Vc¢c3 through a 20k-Q pullup resistor. 


¢ Active High inputs that are not being used should be 
connected to GND through a pulldown resistor. 


Reserved signals can be treated in one of the following 
ways: 


e Asno-connect (NC) pins, in which case these pins are left 
unconnected 


¢« As pins connected to the system logic as defined by the 
industry-standard Pentium interface (Socket 7) 


« Any combination of NC and Socket 7 pins 
Keep trace lengths to a minimum. 
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14 Electrical Data 


14.1 Operating Ranges 


The functional operation of the AMD-K6 MMX enhanced 
processor is guaranteed if the voltage and temperature 
parameters are within the limits defined in Table 44. 


Table 44. Operating Ranges 


25 50851 
Vec2 
Nae 3 


a 
Notes: 

1. Vecz and Vcc; are referenced from Vss, 

2. Vcc specification for 2.9 V components. 

3. Vcc Specification for 3.2 V components. 





14.2 Absolute Ratings 


While functional operation is not guaranteed beyond the 
operating ranges listed in Table 44, no long-term reliability or 
functional damage is caused as long as the AMD-K6 processor is 
not subjected to conditions exceeding the absolute ratings 
listed in Table 45. 


Table 45. Absolute Ratings 


Parameter 


Vcc3+0.5 V and 
Vpin -0.5V oe 
<4.0V 


Tease (under bias) +110°C 


Note: 
Vay (the up on any //O pin) must not be greater than 0.5 V above the voltage being applied 


0 Vecs. In addition, the Vpyy voltage must never exceed 4.0 V. 
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14.3 DC Characteristics 


The DC characteristics of the AMD-K6 MMX enhanced 
processor are shown in Table 46. 


Table 46. DC Characteristics 


Symbol Parameter Description 


| Va | Input High Voltage 2.0V Vcc3+0.3 V | Noted | 



















Preliminary Data 





Vit 

Vin 

VoL Output Low Voltage lo, = 4.0-mA load 
Output High Voltage 2.4V fio ae all lon = 3.0-mA load 
3.2 V Power Supply Current ’ 


6.25A 166 MHz, Note 2 
Ieca 2.9 V Power Supply Current 
3.3 V Power Supply Current 


200 MHz, Note 2 
9.50A 233 MHz, Note 3 
Input Leakage Current 
Output Leakage Current 


0.48A 166 MHz, Note 4 
Input Leakage Current Bias with Pullup 





Tzsa [es | 
[10pm [Nes 
a 
ee 
ee ae 
ae 
a ae a 
ae 
a 


0.50A 200 MHz, Note 4 
Input Leakage Current Bias with Pulldown 


: 
Cour 

I/O Capacitance 

CLK Capacitance 


Test Input Capacitance (TDI, TMS, TRST#) 
Test Output Capacitance (TDO) 


TCK Capacitance 


















ae 
oO 
(om 
— 





1. Vcc refers to the voltage being applied to Vcc3 during functional operation. 

2. Vec2= 3.045 V— The maximum power supply current must be taken into account when designing a power supply. 
3. Vecg= 3.3 V— The maximum power supply current must be taken into account when designing a power supply. 

4. Vccz= 3.6 V— The maximum power supply current must be taken into account when designing a power supply. 

5. Refers to inputs and //O without an internal pullup resistor and 0 S Viy S Vecs 

6. Refers to inputs with an internal pullup and Vy = 0.4V 

7. Refers to inputs with an internal pulldown and Vj,=2.4V 
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14.4 Power Dissipation 


Table 47 contains the typical and maximum power dissipation 
of the AMD-K6 MMX enhanced processor during normal and 


reduced power states. 


Table 47. Typical and Maximum Power Dissipation 


Bice coin ees 2.9V Component | 3.2 V Component comment 
: | 166 MHz | 200MHz | 253MHz 

Raa to Taal Po) 

Ral pial Tel ove 

Sop Gana Gian) |" [sa ni | 7 [Neo 

Sop Ck imum) [300 [300 | 30 | Woes 


Notes: 


1. The maximum power dissipated in the normal clock control state must be taken into account when designing a 
solution for thermal dissipation for the AMD-K6 processor. 


2. Maximum power is determined for the worst-case instruction sequence or function for the listed clock control states 
with Vecg = 2.9 V (for the 2.9 V component) or Voc = 3.2 V (for the 3.2 V component), and Vcec3 =3.3 V. 


3. Typical power is determined for the typical instruction sequences or functions associated with normal system 
operation with Vcc7=2.9 V (for the 2.9 V component) or Vcc= 3.2 V (for the 3.2 V component), and Vcc3= 3.3 V. 


The CLK signal and the internal PLL are still running but most internal clocking has stopped. 
The CLK signal, the internal PLL, and all internal clocking has stopped. 
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15 1/0 Buffer Characteristics 


All of the AMD-K6 MMX enhanced processor inputs, outputs, 
and bidirectional buffers are implemented using a 3.3 V buffer 
design. In addition, a subset of the processor I/O buffers include 
a second, higher drive strength option. These buffers can be 
configured to provide the higher drive strength for applications 
that place a heavier load on these I/O signals. 


AMD has developed two I/O buffer models that represent the 
characteristics of each of the two possible drive strength 
configurations supported by the AMD-K6. These two models 
are called the Standard I/O Model and the Strong I/O Model. 


AMD developed the two models to allow system designers to 
perform analog simulations of AMD-K6 signals that interface 
with the system logic. Analog simulations are used to 
determine a signal’s time of flight from source to destination 
and to ensure that the system’s signal quality requirements are 
met. Signal quality measurements include overshoot, 
undershoot, slope reversal, and ringing. 


15.1 Selectable Drive Strength 


Y/O Buffer Characteristics 


The AMD-K6 processor samples the BRDYC# input during the 
falling transition of RESET to configure the drive strength of 
A[20:3], ADS#, HITM# and W/R#. If BRDYC# is 0 during the fall 
of RESET, these particular outputs are configured using the 
higher drive strength. If BRDYC# is 1 during the fall of RESET, 
the standard drive strength is selected for all I/O buffers. 


Table 48 shows the relationship between BRDYC# and the two 
available drive strengths — K6STD and K6STG. 


Table 48. A[20:3], ADS#, HITM#, and W/R# Strength Selection 


Strength 1 (standard) = a K6STD 
Strength 2 (strong) ae K6STG 
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1/0 Buffer Model 


AMD provides models of the AMD-K6 MMX enhanced 
processor I/O buffers for system designers to use in board-level 
simulations. These I/O buffer models conform to the I/O Buffer 
Information Specification (IBIS), Version 2.1. The Standard I/O 
Model uses K6STD, the standard I/O buffer representation, for 
all I/O buffers. The Strong I/O Model uses K6STG, the stronger 
V/O buffer representation for A[20:3], ADS#, HITM#, and W/R#, 
and uses K6STD for the remainder of the I/O buffers. 


Both I/O models contain voltage versus current (V/I) and 
voltage versus time (V/T) data tables for accurate modeling of 
I/O buffer behavior. 


The following list characterizes the properties of each I/O 
buffer model: 


= All data tables contain minimum, typical, and maximum 
values to allow for worst-case, typical, and best-case 
simulations, respectively. 


ms The pullup, pulldown, power clamp, and ground clamp 
device V/I tables contain enough data points to accurately 
represent the nonlinear nature of the V/I curves. In 
addition, the voltage ranges provided in these tables extend 
beyond the normal operating range of the AMD-K6 
processor for those simulators that yield more accurate 
results based on this wider range. Figure 81 and Figure 82 
illustrate the min/typ/max pulldown and pullup V/I curves 
for K6STD between OV and 3.3V. 


m Therising and falling ramp rates are specified. 


The min/typ/max Vcc3 operating range is specified as 
3.1359, 3.3V, and 3.6V, respectively. 


Vii = 0.8V, Vin = 2.0V, and Nei = 1.5V 
The R/L/C of the package is modeled. 
The capacitance of the silicon die is modeled. 


The model assumes the test load is 0 capacitance, resistance, 
inductance, and voltage. 


I/O Buffer Characteristics 
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Figure 82. K6STD Pullup V/I Curves 


15.3 1/0 Model Application Note 
For the AMD-K6 processor I/O Buffer IBIS Models and their 
application, refer to the AMD-K6™ MMX™ Enhanced Processor 
I/O Model (IBIS) Application Note, order# 21084. 

15.4 1/0 Buffer AC and DC Characteristics 


See “Signal Switching Characteristics” on page 16-1 for the 
AMD-K6 processor AC timing specifications. 


See “Electrical Data” on page 14-1 for the AMD-K6 processor 
DC specifications. 
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16 Signal Switching Characteristics 


The AMD-K6 MMX enhanced processor signal switching 
characteristics are presented in Table 49 through Table 57. 
Valid delay, float, setup, and hold timing specifications are 
listed. These specifications are provided for the system 
designer to determine if the timings necessary for the 
processor to interface with the system logic are met. Table 49 
and Table 50 contain the switching characteristics of the CLK 
input. Table 51 through Table 54 contain the timings for the 
normal operation signals. Table 55 contains the timings for 
RESET and the configuration signals. Table 56 and Table 57 
contain the timings for the test operation signals. 


All signal timings provided are: 


m Measured between CLK, TCK, or RESET at 1.5 V and the 
corresponding signal at 1.5 V—this applies to input and 
output signals that are switching from Low to High, or from 
High to Low 

=m Based on input signals applied at a slew rate of 1 V/ns 
between 0 V and 3 V (rising) and 3 V to 0 V (falling) 

w Valid within the operating ranges given in “Operating 
Ranges” on page 14-1 

m Based on a load capacitance (C,) of 0 pF 


16.1 CLK Switching Characteristics 


Table 49 and Table 50 contain the switching characteristics of 
the CLK input to the AMD-K6 processor for 66-MHz and 
60-MHz bus operation, respectively, as measured at the voltage 
levels indicated by Figure 83 on page 16-3. 


The CLK Period Stability specifies the variance (jitter) 
allowed between successive periods of the CLK input 
measured at 1.5 V. This parameter must be considered as one 
of the elements of clock skew between the AMD-K6 and the 
system logic. 
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16.2 Clock Switching Characteristics for 66-MHz Bus Operation 


In Normal Mode 
In Normal Mode 


Table 49. CLK Switching Characteristics for 66-MHz Bus Operation 


Symbol Parameter Description 


a (ES 
[5 faktowtine 
ae 


Preliminary Data 





66.6 MHz 
30.0 ns 













CLK Fall Time 


CLK Rise Time < 
CLK Period Stability 
Note: 


Jitter frequency power spectrum peaking must occur at frequencies greater than (Frequency of CLK)/3 or less than 500 KHz. 


1.5 ns 
+ 250 ps 


ea 
a 
Lee! 


16.3 Clock Switching Characteristics for 60-MHz Bus Operation 


In Normal Mode 


In Normal Mode 


Table 50. CLK Switching Characteristics for 60-MHz Bus Operation 


ee Preliminary Data 
Symbol Parameter Description 


Max | 





[5 [aktowtine a0 
ean 


pe | CLK Rise Time 0.15 ns 
CLK Period Stability 


Note: 
Jitter frequency power spectrum peaking must occur at frequencies greater than (Frequency of CLK)/3 or less than 500 KHz. 


bea 
a 
ae 
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Figure 83. CLK Waveform 


16.4 Valid Delay, Float, Setup, and Hold Timings 


Valid delay and float timings are given for output signals 
during functional operation and are given relative to the rising 
edge of CLK. During boundary-scan testing, valid delay and 
float timings for output signals are with respect to the falling 
edge of TCK. The maximum valid delay timings are provided 
to allow a system designer to determine if setup times to the 
system logic can be met. Likewise, the minimum valid delay 
timings are used to analyze hold times to the system logic. 


The setup and hold time requirements for the AMD-K6 MMX 
enhanced processor input signals must be met by the system 
logic to assure the proper operation of the AMD-K6. The setup 
and hold timings during functional and boundary-scan test 
mode are given relative to the rising edge of CLK and TCK, 
respectively. 
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16.5 Output Delay Timings for 66-MHz Bus Operation 


Table 51. Output Delay Timings for 66-MHz Bus Operation 


— Preliminary Data 
Symbol Parameter Description 


[easy 
[te |asivtbehy 
[|S FoatDeby 
[tw |ASerVDeay 
[hn AOS Fat Deay 
| 
[| 
Te] 









| Min 
oe 
Pea 
[tis | 
aes 
Laer 
pa 
[AP MaDe = oe 
Ci as a 
JAPCHKGEValidDelay | ons 
Ce oe 
i ee) ae 
Pe aes ee 
oC eee Wey) 
eA ee 

oe 

ll 


[oer 

eae 

Tn 

Ts] 

a 

[| o/erftoeky |__| toons 
[ta [oesarmitenaaadoeay [1306 | 755 
[ta [ves witedaaFoatDeay [| 100s 
a 
<a 
Hs a 
[| 
Ree) 
<a 


DP[7:0] Write Data Float Delay 


FERR# Valid Delay 
HIT# Valid Delay 
HITM# Valid Delay 


ae 

om 

: 05 | 
ca 

DRVeidOdey «(0 
as] 

(an 

a 

ee 


DP[7:0] Write Data Valid Delay 
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Table 51. Output Delay Timings for 66-MHz Bus Operation (continued) 


Symbol Parameter Description 


[ts [eoratoeay tne |e 
[te [einvaizoeay [tons [7am [as 
ce ce 
Sec 
os | 8 | 
to | 6 
Sats a 
<a ae 
<a 


Preliminary Data 










7.3 ns 


ce 
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16.6 Input Setup and Hold Timings for 66-MHz Bus Operation 


Table 52. Input Setup and Hold Timings for 66-MHz Bus Operation 


Preliminary Data 













Parameter Description 


| Min 
A[31:5] Setup Time | 6.0ns | 
A[31:5] Hold Time | 1.0ns | 


A20M# Setup Time 5.0 ns 


A20M# Hold Time 
| tas | AHOLD Setup Time 
AHOLD Hold Time | 1.0ns | 
AP Setup Time 







| Max | 
a 
oo sed 
ae 
od 
ae 
| ts ad 
| te | Nes, ee 
| tse | BOFF# Setup Time = ee, 
| tss_ | BOFF# Hold Time | ions | | 
| tse BRDY# Setup Time | 50ns | 
| ss | BRDY# Hold Time | ions | 
| tse | BRDYC# Setup Time | sons | | 
BRDYC# Hold Time i a ae 
D[63:0] Read Data Setup Time | 28ns | | 
We 
es Scene 
Lee ed 
ed 
ere 
iar 
ae 
fans! 
ae 


| te | | Sas | 
D[63:0] Read Data Hold Time 1.5 ns 
ister] 

ie 


DP[7:0] Read Data Setup Time 


DP[7:0] Read Data Hold Time 


| Sn 
EADS# Setup Time 


EADS# Hold Time 


| ions | 
EWBE# Setup Time | 5.0ns | 
| ons | 


87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
87 
8 


EWBE# Hold Time 


9 i 


. These level-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 
hold times must be met. If asserted asynchronously, they must be asserted for a minimum pulse width of two clocks. 


2. These edge-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 
hold times must be met. If asserted asynchronously, they must have been negated at least two clocks prior to assertion and must 
remain asserted at least two clocks. 


FLUSH# Hold Time 
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Table 52. Input Setup and Hold Timings for 66-MHz Bus Operation (continued) 


Symbol 


ae Preliminary Data 
Parameter Description 


CO 
~ 














| tee | HOLD Setup Time 

| tes HOLD Hold Time 

| try | IGNNE# Setup Time 
| tn | IGNNE# Hold Time 
i oa INIT Setup Time 

| | INIT Hold Time 
pt 
LS 
Ce ti 
| te | 


t 
t 
t 
t 
t INTR Setup Time 
t 
t 
t 
t 


co] oO] oa] wo] wo 
NPN TP NIN 

2\|2 

o;}°o 

ome Lona 

Oo |] oo 

N] N 


© 
~ 


INTR Hold Time 

INV Setup Time 

INV Hold Time 
KEN# Setup Time 
KEN# Hold Time 
NA# Setup Time 
NA# Hold Time 

tg2 NMI Setup Time 

NMI Hold Time 
SMI# Setup Time 
SMI# Hold Time 
STPCLK# Setup Time 
ts7 STPCLK# Hold Time 
tag WB/WT# Setup Time 
WB/WT# Hold Time 


oo 
“J 


Co 
~ 


70 
71 
72 
3 
74 
75 
76 
77 
78 
79 


co | © 
Ni] N 


co [oo] 
N~N ~~ 


ol eo 
be | 








cola! aj} a} o 
NSN] NIN 


Cc 
~ 


Cc 
“SENT SN ~ ~ 






Notes: 


1. These level-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 
hold times must be met. If asserted asynchronously, they must be asserted for a minimum pulse width of two clocks. 

2. These edge-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 

hold times must be met. If asserted asynchronously, they must have been negated at least two clocks prior to assertion and must 

remain asserted at least two clocks. 
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16.7 Output Delay Timings for 60-MHz Bus Operation 


Table 53. Output Delay Timings for 60-MHz Bus Operation 
Preliminary Data 


Symbol Parameter Description 


6.3 ns 





A[31:3] Valid Delay 
ty A[31:3] Float Delay 
ADS# Valid Delay 
ADS# Float Delay 
ADSC# Valid Delay 
ADSC# Float Delay 
tho AP Valid Delay 
AP Float Delay 
APCHK# Valid Delay 
BE[7:0]# Valid Delay 
BE[7:0]# Float Delay 
th7 BREQ Valid Delay 
CACHE# Valid Delay 
CACHE# Float Delay 
too D/C# Valid Delay 
ty D/C# Float Delay 
ty D[63:0] Write Data Valid Delay 
D[63:0] Write Data Float Delay 
DP[7:0] Write Data Valid Delay 
bs DP[7:0] Write Data Float Delay 
tog FERR# Valid Delay 
to7 HIT# Valid Delay 
be HITM# Valid Delay 
too HLDA Valid Delay 
tz9 LOCK# Valid Delay 
LOCK# Float Delay 
tz M/lO# Valid Delay 
M/lO# Float Delay 


7.0 ns 






7.0 ns 


[oo] 
wn 


co oo oc | & 
wn uo Lea) wi} ul wi} 


hg 
8.3ns 
7.0 ns 





7.0 ns 


fos) 


7.0 ns 


1.3 ns 7.5 ns 
tos 


7.5 ns 


jos] 


tog 1.3 ns 







8.3 ns 


co 


7.0 ns 





Cc 
wn 


7.0 ns 





ts3 
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Table 53. Output Delay Timings for 60-MHz Bus Operation (continued) 


Parameter Description 






| Min 
reovaidbeay —_—_—_—~| 10 | 

peorcatdeay Sid 

PeaKeVaidoeey [0 
tr videay ts 
i 
[seve eay 10s 
tw |serernatovay 
[| scraaDey [10s 
ta Wine aleeay ts 
ee 
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16.8 Input Setup and Hold Timings for 60-MHz Bus Operation 


Table 54. Input Setup and Hold Timings for 60-MHz Bus Operation 


ce Preliminary Data 
Parameter Description 





Symbol 


A[31:5] Setup Time | 6.0ns 
A[31:5] Hold Time | 1.0ns | 
A20M# Setup Time 
ta7 A20M# Hold Time 

AHOLD Setup Time 


| 55ns | 
AHOLD Hold Time | 1.0ns | 
| 1Ons 
| 3.0ns 








AP Setup Time 


AP Hold Time | 1.0ns 
BOFF# Setup Time 
BOFF# Hold Time | 1.0ns 
BRDY# Setup Time | 5.0ns 
BRDY# Hold Time | 1.0ns 
BRDYC# Setup Time | 5.0ns | 
ts7 BRDYC# Hold Time 

D[63:0] Read Data Setup Time 3.0 ns 
D[63:0] Read Data Hold Time 


DP[7:0] Read Data Setup Time | 3.0ns 


DP[7:0] Read Data Hold Time 


| tsns | 
tea EADS# Setup Time | 55ns 
| 1ons | 


EADS# Hold Time 


p1ons 
EWBE# Setup Time | 5.0ns | 
| ons 
| 50ns | 











EWBE# Hold Time 
FLUSH# Setup Time 
FLUSH# Hold Time 


| Max | 
a 
Lee 
ae 
be ad) 
Lace 
—e 
a 
Lo 
4 
—= 
a 
ne aa 
ee 
—s 
es 
ae 
Ea 
Ls 
Lael 
a 
— 
—— 
a 
feared 


te7 


Notes: 


1. These level-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 
hold times must be met. If asserted asynchronously, they must be asserted for a minimum pulse width of two clocks. 


2. These edge-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 
hold times must be met. If asserted asynchronously, they must have been negated at least two clocks prior to assertion and must 
remain asserted at least two clocks. 
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Table 54. Input Setup and Hold Timings for 60-MHz Bus Operation (continued) 


wee Preliminary Data 
Symbol Parameter Description 


HOLD Setup Time 


| tes HOLD Hold Time 
IGNNE# Setup Time 
IGNNE# Hold Time 
INIT Setup Time 
INIT Hold Time 
INTR Setup Time 
INTR Hold Time 
INV Setup Time 
INV Hold Time 
KEN# Setup Time 
KEN# Hold Time 


NA# Setup Time 
NA# Hold Time 

NMI Setup Time 

NMI Hold Time 
SMI# Setup Time 
SMI# Hold Time 
STPCLK# Setup Time 


STPCLK# Hold Time 
WB/WT# Setup Time 
| tag | WB/WT# Hold Time 


. _ These level-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 
hold times must be met. If asserted asynchronously, they must be asserted for a minimum pulse width of two clocks. 


2. These edge-sensitive signals can be asserted synchronously or asynchronously. To be sampled on a specific clock edge, setup and 
hold times must be met. If asserted asynchronously, they must have been negated at least two clocks prior to assertion and must 
remain asserted at least two clocks. 
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16.9 RESET and Test Signal Timing 


Table 55. RESET and Configuration Signals (60-MHz and 66-MHz Operation) 


Parameter Description | Preliminary Data | Data rae So | coe 
ie ae 


ao 

a aoe Ve aos Se 

Solel in AN LE 
ig_| SETA econo RSH ams | 

CL 

aFealvodtine —————~*d Pees | 

a 

OVEHSeupTine ———————*d Pees | 

ie i 

Eo 

ee 

a 

a 



























RUSHWSeup Tie =i; | 
avai odtine ——————*d (ts 


Notes: 


1. To be sampled on a specific clock edge, setup and hold times must be met the clock edge before the clock edge on which RESET 
is sampled negated. 


2. feed asynchronously, these signals must meet a minimum setup and hold time of two clocks relative to the negation of 
RESET. 


. BF[2:0] must meet a minimum setup time of 1.0 ms and a minimum hold time of two clocks relative to the negation of RESET. 
If RESET is driven synchronously, BRDYC# must meet the specified hold time relative to the negation of RESET. 
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Table 56. TCK Waveform and TRST# Timing at 25 MHz 


Symbol Parameter Description 


| Min | 

freKreweny id 

[tas [tekeeiod Cd os 

[tee [TeKiitine dom 

[tas [TeKtowe | aos | _—*t 

a a 
ee 
soe 













TCK Rise Time 


Note 1, 2 
Notes: 


1. Rise/Fall times can be increased by 1.0 ns for each 10 MHz that TCK is run below its maximum frequency of 25 MHz. 
2. Rise/Fall times are measured between 0.8 V and 2.0 V. 














| Min | Max | 
[ton [Forseuptine i BOes 
[tie [rorintine ———SSS*d tm 
<a sie 

8 





ed 
Eee 
ur 
[at [nates 
[is ooveldoeay es 
[ie [TORatDeay Sts 
i 
[ins [AOupas ones) FoatDely | __—_|_w6ons_[ a1 
All Inputs (Non-Test) Setup Time | 5.0ns | ob 
| otis | All Inputs (Non-Test) Hold Time | 9.0ns Mots fl 


Notes: 
1. Parameter is measured from the TCK falling edge. 
2. Parameter is measured from the TCK rising edge. 
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WAVEFORM INPUTS OUTPUTS 
Must be steady Steady 


Th Can change from Changing from High to Low 
High to Low 

fof Can change Changing from Lowto High . 
from Low to High 

Don't care, any Changing, State Unknown 
change permitted 

(Does not apply) Center line is high 

impedance state 


Figure 84. Diagrams Key 


CLK OI. 





Output Signal 





v=6, 8, 10, 12, 14, 15, 17, 18, 20, 22, 24, 26, 27, 28, 29, 30, 32, 34, 36, 37, 39, 41, 42 


Figure 85. Output Valid Delay Timing 
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ty 
Min 


v=6, 8, 10, 12, 15, 18, 20, 22, 24, 30, 32, 34, 37, 39, 42 
f= 7,9, 11, 13, 16, 19, 21, 23, 25, 31, 33, 35, 38, 40, 43 


Figure 86. Maximum Float Delay Timing 


CLK 


Input Signal 





$= 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88 


h= 45, 47, 49, 51,53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89 


Figure 87. Input Setup and Hold Timing 
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Tx 
CLK 
too 
RESET 15V 


FLUSH# 
(Synchronous) 


(Asynchronous) 


BF(2:0] ° 
(Asynchronous) 


Figure 88. Reset and Configuration Timing 


FLUSH#, BRDYC# } 
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Figure 89. TCK Waveform 





Figure 90. TRST# Timing 


thos 
TcK 15V 
TDL IMs Eee a : 
a 
t be 
ont TE STE 
fie) tne 


Figure 91. Test Signal Timing Diagram 
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17 Thermal Design 


17.1 Package Thermal Specifications 


Thermal Design 


The AMD-K6 MMX enhanced processor operating specification 
calls for the case temperature (T_) to be in the range of 0°C to 
70°C. The ambient temperature (T,) is not specified as long as 
the case temperature is not violated. The case temperature 
must be measured on the top center of the package. Table 58 
shows the AMD-K6 processor thermal specifications. 


Table 58. Package Thermal Specification 


Maximum Thermal Power 
: . 3.2VC ent 
Temperature | Junction-Case 2.9V Component V Componen 


0.77°C/W i72W | 200W 28.3 W 


Stop Clock Mode 300 mW | 300 mW 300 mW 


Figure 92 shows the thermal model of a processor with a passive 
thermal solution. The case-to-ambient temperature (Tc,) can 
be calculated from the following equation: 





Toca = Pmax © 9ca 
= Pwax © (Or + Osa) 


Where: 

Pax = Maximum Power Consumption 

8cA = Case-to-Ambient Thermal Resistance 
OIF = Interface Material Thermal Resistance 
Osa = Sink-to-Ambient Thermal Resistance 
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Thermal 
Temperature Resistance 
(Ambient) CW) 
Ta Os, Oca 
' Sink [me 





Figure 92. Thermal Model 


Figure 93 illustrates the case-to-ambient temperature (Tc¢a) in 
relation to the power consumption (X-axis) and the thermal 
resistance (Y-axis). If the power consumption and case 
temperature are known, the thermal resistance (6c,) 
requirement can be calculated for a given ambient 
temperature (T,) value. 


Thermal Resistance (°C/W) 








TOW 12W 14W 16W 18W 
Power Consumption (Watts) 


Figure 93. Power Consumption vs. Thermal Resistance 
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The following example calculates the required thermal 
resistance of a heatsink: 


Tf: 

Te = 70°C 

Ty = 45°C 

Pax = 20.0W at 200MHz2 
Then: 


Teer 
cTtA)_ 25°C : 
6., 8 = “2 = 1.25 (°C/W 
CA a} 20.0W ay 


Thermal grease is recommended as interface material because 
it provides the lowest thermal resistance (= 0.20°C/W). The 
required thermal resistance (6s,) of the heatsink in this 
example is calculated as follows: 


Osa = Oca = Of = 1.25 - 0.20 = 1.05 (°C/W) 


Figure 94 illustrates the processor’s heat dissipation path. Most 
of the heat generated by the processor is dissipated from the 
top surface (ceramic and lid) of the package. The small amount 
of heat generated from the bottom side of the processor where 
the processor socket blocks the convection can be safely 
ignored. 


Ambient Temperature 


Thin Lid 





Case temperature 


4’ ns 
Oa es Re, “ee 


Ped eRe TN 


Figure 94. Processor Heat Dissipation Path 
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Measuring Case 
Temperature 


The case temperature must be measured on the top center of 
the package where most of the heat is dissipated. Figure 95 
shows the correct location for measuring the case temperature. 
(If a heat exchange device is installed, the thermocouple must 
contact the processor top surface through a drilled hole.) The 
case temperature is measured to ensure that the thermal 
solution meets the operational specification. 


Thermocouple 





Figure 95. Measuring Case Temperature 


17.2 Layout and Airflow Considerations 


Voltage Regulator 


17-4 


A voltage regulator is required to support the lower voltage 
(3.3 V and lower) to the processor. In most applications, the 
voltage regulator is designed with power transistors. Asa 
result, additional heatsinks are required to dissipate the heat 
from the power transistors. Figure 96 shows the voltage 
regulator placed parallel to the processor with the airflow 
aligned with the devices. With this alignment, the heat 
generated by the voltage regulator has minimal effect on the 
processor. 
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Figure 96. Voltage Regulator Placement 


A heatsink and fan combination can deliver much better 
thermal performance than a heatsink alone. More importantly, 
with a fan/sink the airflow requirements in a system design are 
not as critical. A unidirectional heatsink with a fan moves air 
from the top of the heatsink to the side. In this case, the best 
location for the voltage regulator is on the side of the processor 
in the path of the airflow exiting the fan sink (see Figure 97). 
This location guarantees that the heatsinks on both the 
processor and the regulator receive adequate air circulation. 





Ideal areas for voltage regulator 


Figure 97. Airflow for a Heatsink with Fan 
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Airflow Management Complete airflow management in a system is important. In 

in a System Design addition to the volume of air, the path of the air is also 
important. Figure 98 shows the airflow in a dual-fan system. The 
fan in the front end pulls cool air into the system through intake 
slots in the chassis. The power supply fan forces the hot air out of 
the chassis. The thermal performance of the heatsink can be 
maximized if it is located in the shaded area, where it receives 
greatest benefit from this air exchange system. 


Main Board 





Vents Front 


Figure 98. Airflow Path in a Dual-fan System 
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Figure 99 shows the airflow management in a system using the 
ATX form-factor. The orientation of the power supply fan and 
the motherboard are modified in the ATX platform design. The 
power supply fan pulls cool air through the chassis and across 
the processor. The processor is located near the power supply 
fan, where it can receive adequate airflow without an auxiliary 
fan. The arrangement significantly improves the airflow across 
the processor with minimum installation cost. 


Drive | Bays 





Figure 99. Airflow Path in an ATX Form-Factor System 


For more information about thermal solutions, see the 
AMD-K6™ MMX™ Enhanced Processor Thermal Solution Design 
Application Note, order# 21085. 
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18 Pin Description Diagram 
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Figure 100. AMD-K6™ MMX™ Enhanced Processor Pin-Side View 
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19 Pin Designations 


Functional Grouping 


DO 
DI 
D2 
D3 
D4 
DS 
D6 
07 
D8 
D9 
DIO 
D1 


EWBE# 
FERR# 
FLUSH# 
HiT# 
HITM# 
HLDA 
HOLD 
IGNNE# 
INIT 
INTR 
INV 
KEN# 
LOCK# 
M/lO# 
NA# 
NMI 
PCD 
PCHK# 
PWT 
RESET 
SCYC 
SMI# 
SMIACT# 
STPCLK# 
VCC2DET 
W/R# 
WB/WT# 
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20 Package Specifications 


20.1 _ 321-Pin Staggered CPGA Package Specification 
Table 59. 321-Pin Staggered CPGA Package Specification 
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Figure 101. 321-Pin Staggered CPGA Package Specification 
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21 Ordering Information 
Standard Products 


AMD standard products are available in several operating ranges. The order number 
(Valid Combination) is formed by a combination of the elements below. 


AMD-K6/233 ANR 


ere Case Temperature 


= 70°C 


Operating Voltage 
N = 3.1 V-3.3 V (Core) / 3.135 V-3.6 V (1/0) 
L = 2.755 V-3.045 V (Core) / 3.135 V-3.6 V (I/O) 


Package Type 
A = 321-pin CPGA 


Performance Rating 
/233 
/200 
/\66 


Family/Core 
AMD-K6 


Table 60. Order Number Valid Combinations 


| oopN Package Type Operating Voltage | Case Temperature 
} 3.1V-3.3V (Core) 
AMD-K6/233ANR 321-pin CPGA 70°C 
3.135V-3.6V (1/0) 
: 2.755V-3.045V (Core) 
AMD-K6/200ALR 321-pin CPGA 70°C 
3.135V-3.6V (I/O) 
: ; 2.755V-3.045V (Core) 
AMD-K6/166ALR 321-pin CPGA 70°C 
3.135V-3.6V (I/O) 


Notes: 
This table lists configurations planned to be supported in volume for this device. Consult the local 
AMD sales office to confirm availability of specific valid combinations and to check on 

newly-released combinations. 
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